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PREFACE A’POSR-Tﬁ- 9-0039

The United States Air Force Summer Faculty Research Program
(USAF-SFRP) 1is designed to introduce university, college, and technical
institute faculty members to Air Force research. This is accomplished by
the faculty members being selected on a nationally advertised competitive
basis for a ten-week assignment during the summer intersession period to
perform research at Air Force laboratories/centers. Each assignment is
in a subject area and at an Air Force facility mutually agreed upon by
the faculty members and the Air Force. 1In addition to compensation,
travel and cost of living allowances are also paid. The USAF-SFRP is
sponsored by the Air Force 0Office of Scientific Research, Air Force
Systems Command, United States Air “orce, and is conducted by Universal

Energy Systems, Inc.
The specific objectives of the 1988 USAF-SFRP are:

(1) To provide a productive means for U. S. Faculty Members to
participate in research at Air Force Laboratories/Centers;

(2) To stimulate continuing professional association among the
Faculty and their professional peers in the Air Force;

(3) To further the research objectives of the United States Air

Force;

(4) To enhance the research productivity and capabilities of the
Faculty especially as these relate to Air Force technical

interests.

During the summer of 1988, 153-faculty members participated. These
researchers were assigned to 23 USAF laboratories/centers across the
country. This four volume document is a compilation of the final reports
written by the assigned faculty members about their summer research

efforts.
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N PREFACE
N\

The United States Air Force Summer Faculty Research Program

(USAF-SFRP) is designed to introduce university, college, and technical

institute faculty members to Air Force research. This is accomplished by

'y the faculty members being selected on a nationally advertised competitive

| basis for a ten-week assignment during the summer intersession period to

perform research at Air Force laboratories/centers. Each assignment is

in a subject area and at an Air Force facility mutually agreed upon by

the faculty members and the Air Force. In addition to compensation,

travel and cost of living allowances are also paid. The USAF-SFRP is

sponsored by the Air Force Office of Scientific Research, Air Force

: Systems Command, United States Air Force, and is conducted by Universal
Energy Systems, Inc. ,

W The specific objectives of the 1988 USAF-SFRP are:

’ e (1) To provide a productive means for U. S. Faculty Members to

: participate in research at Air Force Laboratories/Centers;

' > (2) To stimulate continuing professional association among the

v Faculty and their professional peers in the Air Force;

v Y (3) To further the research objectives of the United States Air

) Force;

’ 3 (4) To enhance the research productivity and capabilities of the

) Faculty especially as these relate to Air Force technical

‘ B . interests. 'v/v";'l‘w."\({f- p)l'v fz,‘:ycéf_.;f'.,f}" i//;‘,‘ }'/ Lewee
/Vh‘v.:,-{'(/’j‘d[d . {"’x Lo o e el e .f"i,‘.{[v Lo ‘ ', e ‘\I)

v During the Eummer of 1988, 153-faculty members participated. These

' researchers were assigned to 23 USAF laboratories/centers across the

g country. This four volume document is a compilation of the final reports

) written by the assigned faculty members about their summer research
. efforts.




LIST QF 1588 PARTICIPANTS

NAME/ADDRESS

Dr. Ibrahim A. Ahmad
Professor and Director
Division of Statistics

Dept. of Math Sciences
Northern I11inois University
DeKalb, IL 60115

(815) 753-6739

Dr. Robert J. Arenz

Professor

Dept. of Mechanical Engineering
Gonzaga University

Spokane, WA 99258

(509) 328-4220

Dr. Lucia M. Babcock
Assistant Professor

Dept. of Chemistry
Louisiana State University
Choppin Hall

Baton Rouge, LA 70803
(504) 388-3239

Dr. Praphulla K. Bajpai
Professor

Dept. of Biology
University of Dayton
300 College Park
Dayton, OH 45469

(513) 229-3029

Dr. Stephen D. Baker
Professor

Dept. of Physics

Rice University
Houston, TX 77251-1892
(713) 527-8101

Or. Pradip M. Bakshi
Research Professor

Dept. of Physics

Boston College

Chestnut Hi11, MA 02167
(617) 552-3585

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:

Assigned:

Degree:
Specialty:
Assigned:

Degree;
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

ii

Ph.D., Statistics, 1975

Statistics and Operations
Research

Armament Laboratory

Ph.D., Aeronautical Eng., 1964
Solid Mech.
Materials Laboratory

Ph.D., Chemistry, 1978
Gas Phase Ion-Molecule Chem.
Air Force Geophysics Lab.

Ph.D., Animal Physiology, 1965
Physiology and Biomaterials
Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Physics, 1963
Nuclear Physics
Air Force Geophysics Lab.

Ph.D., Theoretical Physics,
1962

Quantum Theory

Air Force Geophysics Lab.
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NAME/ADDRESS

Or. Shankar S. Bale
Professor

Dept. of Science and Math
Saint Paul's University
Lawrenceville, VA 23868
(804) 848-3111

Mr. Beryl L. Barber

Assistant Professor

Dept. of Electronics Eng.
Oregon Institute of Technology
3201 Campus Drive

Klamath Falls, OR 97601-8801
(503) 882-6890

Dr. Bryan R. Becker

Assistant Professor

Dept. of Aerospace Engineering
University of Missourt

600 West Mechanic
Independence, MO 64050-1799
(816) 276-1279

Or. Reuben Benumof
Professor

Dept. of Applied Sciences
Colleqe of Staten Island
130 Stuyvesant P].

Staten Island, NY 10307
(718) 390-7973

Mr. George N. Bratton

Associate Professor

Dept. of Math and Comp. Science
Austin State Peay State Univ.

P 0 Box 8343

Clarksville, TN 37044

(615) 648-7834

Or. Dan R. Bruss

Assistant Professor

Dept. of Physical Sciences
Albany College of Pharmacy :
106 New Scotland Avenue
Albany, NY 12208

(518) 445-7225

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Ph.D., Genetics, 1971
Toxicology-Cytogenetics
Harry G. Armstrong Aerospace
Medical Research Laboratory

MSEE, Electrical Eng., 1961
RF/Microwave Components
Rome Air Development Center

Ph.D., Eng. Science, 1979
Computational Fluid Dynamics
Aero Propulsion Laboratory

Ph.D., Physics, 1945
Semiconductor Physics
Air Force Geophysics Lab.

£d.0., Mathematics Ed., 1977
Statistics
Electronics Systems Division

Ph.D., Chemistry, 1985
Physical Organic Chemistry
Frank J. Seiler Research Lab.




NAME/ADDRESS

Dr. Ronald Bulbulian

Associate Professor

Dept. of Health, Physical
Education and Recreation

University of Kentucky

Seaton 100

Lexington, KY 40506
(606) 257-7904

Dr. Charles M. Bump
Assistant Professor
Dept. of Chemistry
Hampton University
P 0 Box 6483
Hampton, VA 23668
(804) 727-5330

Or. John A. Burke, Jr.
Professor

Dept. of Chemistry
Trinity University

715 Stadium Orive

San Antonio, TX 78284
(512) 736-7316

Mr. Mike Burlakoff

Assistant Professor

Dept. of Computer Science
Southwest Missouri State Univ.
901 S. National

Springfield, MO 65804

(417) 836-5930

Dr. Larry W. Byrd

Assistant Professor

Dept. of Mechanical Engineering
Arkansas State University

P 0 Box 1080

State University, AR 72467-1080
(501) 972-3421

Dr. Clarence Calder

Associate Professor

Dept. of Mechanical Engineering
Oregon State University
Corvallis, OR 97331

(503) 754-24217

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Oegree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

iv

Ph.D., Physiology, 1980
Exercise Physiology
School of Aerospace Medicine

Ph.D. Organic Chemistry, 1979
Organic Synthesis
Frank J. Seiler Research Lab.

Ph.D., Chemistry, 1963
Inorganic Compounds
School of Aerospace Medicine

MS., Math, Computer Sci., 1965
Computer Science
Avionics Laboratory

Ph.D., Mechanical Eng., 1984
Mechanical Engineering
Flight Dynamics Laboratory

Ph.D., Mechanical Eng., 1969
Stress Wave Propagation
Astronautics Laboratory
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NAME/ADDRESS

Dr. Richard T. Carlin
Assistant Professor
Dept. of Chemistry
Polytechnic University
333 Jay St.

Brooklyn, NY 11201
(718) 260-3339

Dr. Gene 0. Carlisle

Professor

Dept. of Chemistry and Physics
West Texas State University
Canyon, TX 79016

(806) 656-2282

Dr. Patricia Carlson
Professor

Dept. of Humanities
Rose-Hulman Institute of Tech.
5500 Wabash

Terre Haute, IN 47803

(812) 877-1511

Dr. David R. Cecil
Professor

Dept. of Mathematics
Texas A&I University
Campus Box 172
Kingsville, TX 78363
(512) 592-1839

Or. Wayne A. Charlie
Associate Professor

Dept. of Civil Engineering
Colorado State University
Fort Collins, CO 80523
(303) 491-8584

Or. Steven C. Chiesa
Assistant Professor

Dept. of Civil Engineering
santa Clara University
Santa Clara, CA 95053
(408) 554-4697

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:

Oegree:
Assigned:

Degree:
Specialty:
Assigned:

Ph.D., Chemistry, 1983
Inorganic Chemistry
Frank J. Seiler Research tab.

Ph.D0., Inorganic Chem., 1969
Coordination Chemistry
Materials Laboratory

Ph.0., Lanquage & Lit., 1973
Document Design

Human Resources Laboratory:
Logistics & Human Factors Div.

Ph.0., Mathematics, 1962
Algebra (Finite Fields)
Wilford Hall Medical Center

Ph.0., Civil Engineering, 1975
Geotechnical Engineering
Engineering & Services Center

Ph.D., Civil Eng., 1982
Biological Waste Treatment
Occupational and Environment
Health Laboratory




NAME/ADDRESS

Dr. Karen C. Chou
Associate Professor

Dept. of Civil Engineering
Syracuse University
Syracuse, NY 13244-1190
(315) 423-3314

Or. Phillip A. Christiansen
Associate Professor

Dept. of Chemistry

Clarkson University
Potsdam, NY 13676

(315) 268-4099

Dr. Keith A. Christianson
Assistant Professor

Dept. of Electrical Engineering
University of Maine

Qrono, ME 04469

(207) 581-2244

Or. Mingking X. Chyu
Assistant Professor

Dept. of Mechanical €Eng.
Carnegie Mellon University
Pittsburgh, PA 15213
(412) 268-3658

Or. Jerry D. Clark
Assistant Professor
bept. of Physics

Wright State University
248 fFawcett Hall
Dayton, OH 45435

(513) 426-3917

Dr. Lane Clark

Assistant Professor
Dept. of Mathematics
University of New Mexico
Albuquerque, NM 87106
(50%5) 277-2104

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Oegree:
Specialty:
Assigned:

vi

Ph.D., Structural Eng., 1983
Structural Engineering
Flight Dynamics Laboratory

Ph.D., Physical Chem., 1978
Physical Chemistry
Astronautics Laboratory

Ph.D., Materials Science and
Engineering, 1985
Electronic Materials

Rome Air Development Center

Ph.D., Heat Transfer, 1986
Heat Transfer
Aero Propulsion Laboratory

Ph.D., Physics, 1982
Atomic Physics
Aero Propulsion Laboratory

Ph.D0., Mathematics, 1980
Graph Theory
Weapons Laboratory




———*

NAME/ADDRESS DEGREE, SPECIALTY, LABORATORY ASSIGNED
Dr. Donald F. Collins Degqree: Ph.D., Physics, 1970

l Faculty in Physics Specialty: Optics, Image Processing
Dept. of Physics Assigned: Air Force Geophysics Lab.

Warren Wilson College
Swannanoa, NC 28778
(704) 298-3325

Dr. Susan T. Collins Degree: Ph.D., Physical Chem., 1981
Assistant Professor Specialty: Matrix Isolation Spectroscopy
Dept. of Chemistry Assigned: Astronautics Laboratory

California State University
18111 Nordhoff Street
Northridge, CA 91330

(818) 885-3367

Dr. Chariles D. Covington Degqree: Ph.D., Electrical Eng., 1984
Assistant Professor Specialty: Digital Signal Processing

Dept. of Electrical Engineering Assigned: Harry G. Armstrong Aerospace
University of Arkansas Medical Research Laboratory

Bell Engineering Center 3217
Fayetteville, AR 72701
(501) 575-6583

Dr. Parvis Dadras Degree: Ph.D., Mechanical Eng., 1972
Professor Specialty: Mechanics of Materials
Dept. of Mech. Systems Eng. Assigned: Materials Laboratory

Wright State University
Dayton, OH 45435
(513) 873-2944

Dr. John F. Dalphin Degree: Ph.D., Mathematics, 1973
Professor Specialty: Computer Science
Dept. of Computer Science Assigned: Electronics Systems Division

Towso.i State University
Baltimore, M0 21204
(301) 321-37101

Mr. Darin S. DeForest Deqree: B.Sc., Computer Science, 1984
Research Associate Specialty: Programming Language Design
Dept. of Computer Science Assigned: Rome Air Development Center

Arizona State University
Tempe, AZ 85287
(602) 965-3664




NAME/ADDRESS

Or. David H. DeHeer
Associate Professor
Dept. of Biology

Calvin College

3201 Burton Street, S.E.
Grand Rapids, MI 49506
(616) 957-6083

Dr. Eustace L. Dereniak
Associate Professor
Dept. of Optical Science
University of Arizona
528 N. Martin

Tucson, AZ 85719

(602) 621-1019

Prof. Paul T. Dingman
Assistant Professor

Dept. of Electronics Eng. Tech.

Oregon Institute of Technology
32071 Campus Drive

Klamath Falls, OR 97601-8801
(503) 882-6890

Dr. David A. Dolson
Assistant Professor
Dept. of Chemistry
Murray State University
Murray, KY 42071

(502) 762-4490

Dr. Hugh K. Donaghy

Assistant Professor

Dept. of Computer Science
Rochester Inst. of Technology
1 Lomb-Memorial Drive
Rochester, NY 14623

(716) 475-2994

Dr. Stephen J. Dow

Assistant Professor

Dept. of Math and Statistics
Univ. of Alabama in Huntsville
Huntsville, AL 35899

(205) B95-6252

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Deqree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

" Assigned:

viii

Ph.D., Molecular Biology, 1972
Molecular Biology
Engineering & Services Center

Ph.D., Optics, 1976
Infrared Physics

Arnold Engineering
Development Center

MSEE., Electrical Eng., 1974
Digital, Microprocessors
Rome Air Development Center

Ph.D., Physical Chem., 1981
Laser Spectroscopy
Weapons Laboratory

Ph.D., Philosophy, 1972
Natural Language Processing
Rome Air Development Center

Ph.D., Mathematics, 1982
Discrete Mathematics
Armament Laboratory
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NAME/ADORESS

Dr. Derek Dunn-Rankin

Assistant Professor

Dept. of Mechanical Engineering
University of California

616 Engineering

Irvine, CA 92717

(714) 854-0460

Dr. Deanna S. Durnford
Assistant Professor

Dept. of Agric. & Chem. Eng.
Colorado State University
Ft. Collins, CO 80523

(303) 491-5252

Dr. Suren N. Dwivedi
Associate Professor

Dept. of Mechanical Eng.
University of North Carolina
Charlotte, NC 28223

(704) 547-2303

Dr. Wayne A. Eckerle
Associate Professor

Dept. of Mech. & Ind. Eng.
Clarkson University
Potsdam, NY 13676

(315) 268-2203

Dr. J. Kevin Ford
Assistant Professor

Dept. of Psychology
Michigan State University
East Lansing, MI 48824
(517) 353-5006

Prof. Michael E. Frantz
Assistant Professor

Dept. of Math and Physics
University of LaVerne
1950 Third Street
Laverne, CA 91750

(714) 593-3511

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

ix

Ph.D., Mechanical Eng., 1985
Laser Diagnostics (combustion)
Aero Propulsion Laboratory

Ph.D., Civil Eng., 1982
Groundwater
Engineering & Services Center

Ph.D., Engineering, 1976
Material Processing
Materials Laboratory

Ph.D., Fluid Mech., 1985
Experimental Fluid Mechanics
Aero Propulsion Laboratory

Ph.D., Philosophy, 1983
Industrial/Organ. Psychology
Human Resources Laboratory:
Training Systems

M.S., Mathematics, 1978
Partial Differential Equations
Air Force Geophysics Lab.




NAME/ADODRESS

Dr. Barry K. Fussell

Assistant Professor

Dept. of Mechanical Engineering
University of New Hampshire
Kingsbury Hall

Durham, NH 03824

(603) 862-1352

Dr. Hugh. P. Garraway, III
Associate Professor

Dept. of Computer Science
Univ. of Southern Mississippi
Box 5106

Hattiesburg, MS 39406

(601) 266-4949

Dr. Christopher P. Godfrey
Assistant Professor

Dept. of Computer Science
Missouri Western State College
4525 Downs Drive

St. Joseph, MO 64507

(816) 271-4372

Dr. Barry P. Goettl
Assistant Professor
Dept. of Psychology
Clemson University

108 Brackett Hall
Clemson, SC 29634-1511
(803) 656-2831

Dr. Gerald W. Grams

Professor

School of Geophysical Sciences
Georgia Tech.

Atlanta, GA 30332

(404) 894-3628

Or. Edward K. Greenwald
Assistant Professor
Engineering Professional Dev.
Univ. of Wisconsin-Madison
432 N. Lake Street

Madison, WI 53706

(608) 262-0573
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DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Ph.D., Mechanical Eng., 1987
Systems Modeling & Controls
Materials Laboratory

Ph.D., Instruc. Tech., 1980
Computer Based Learning
Human Resources Laboratory:
Training Systems

Ph.D., Physics, 1982
High Energy Astrophysics
Air Force Geophysics Lab.

Ph.D., Psychology, 1987
Engineering Psychology
Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Meteorology, 1966
Atmospheric Physics
Avionics Laboratory

Ph.D., Physics, 1967
Electrical Engineering
Engineering & Services Center
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NAME/ADDRESS DEGREE, SPECIALTY, LABORATORY ASSIGNED
Prof. William M. Grissom Qegree: M.S.E., Mechanical Eng., 1978
} Assistant Professor Specialty: Combustion Diagnostics
Dept. of Physics Assigned: Arnold Engineering
Morehouse College Development Center
{ 830 Westview Dr., S.W.
I Atlanta, GA 30314

(404) 681-2800

Or. David A. Grossie Degqree: Ph.D., Chemistry, 1982
Assistant Professor Specialty: X-ray Crystallography
Dept. of Chemistry Assigned: Materials Laboratory

Wright State University
Dayton, OH 45435
(513) 873-2210

Dr. vijay K. Gupta Degree: Ph.D., Chemistry, 1969
Professor Specialty: Physical Chemistry
Dept. of Chemistry Assigned: Materials Laboratory

Central State University
Wilberforce, OH 45384
(513) 376-6423

Dr. Awatef Hamed Jegree: Ph.0., Engineering, 1972
Dept. of Aerospace Eng. Specialty: Engineering
University of Cincinnati Assigned. F1ight Dynamics Laboratory

Mail Location 70
Cincinnati, OH 45221
(513) 475-5630

Or. Albert A. Heaney Degree: Ph.D., Electrical Eng., 1972
Professor Specialty: Computer Engineering
Dept. of Electrical Eng. Assigned: Eastern Space Missile Center

California State University
Shaw & Cedar Avenues
Fresno, CA 93740-0094
(209) 294-4823

Dr. David Hemmendinger Degree: Ph.D., Philosophy, 1973
Assistant Professor Specialty: Logic Programming
Dept. of Compt. Sci. & Eng. Assigned: Avionics Laboratory

Wright State University
Research Bldg.

317 Research Blvd.
Kettering, OH 45420
(513) 259-1345
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NAME/ADDRESS

Or. Bennye S. Henderson
Associate Professor
Dept. of Biology

Jackson State University
1325 Lynch Street
Jackson, MS 39217

(601) 968-2586

Or. Darrell E.P. Hoy
Assistant Professor

Dept. of Mechanical Eng.
Tennessee Technological Univ.
Box 5014

Cookeville, TN 38505

(615) 372-3732

Dr. Manuel A. Huerta
Professor

Dept. of Physics
University of Miami

P 0 Box 248046

Coral Gables, FL 33124
(305) 284-2323

Dr. Randolph B. Huff
Professor

Dept. of Chemistry
Presbyterian College
Clinton, SC 29325
(803) 833-2820

Or. Neil J. Hutzler
Associate Professor

Dept. of Civil Engineering
Michigan Tech. University
Houghton, MI 49931

(906) 487-2194

Dr. Douglas E. Jackson
Professor

Dept. of Math Sciences
Eastern New Mexico University
Portales, NM 88130

(505) 562-2367

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

xii

Ph.D., Physiology, 1979
Physiology
School of Aerospace Medicine

M.S.E., Mechanical Eng., 1985
Ballistic Impact Shocks
Arnold Engineering
Development Center

Ph.D., Physics, 1970
Plasma Physics
Armament Laboratory

Ph.D., Inorganic Chem., 1969
Physical-Inorganic Chemistry
Occupational and Environment
Health Laboratory

Ph.D., Environmental Eng.,
1978

Environmental Engineering
Engineering & Services Center

Ph.D., Mathematics, 1969
Math/Statistical Information
Human Resources Laboratory:
Manpower & Personnel Division




NAME/ADDRESS

Dr. Oleg G. Jakubowicz
Assistant Professor

Dept. of Elect. & Compt. Eng.
State University of New York
238 Bell Hall

Buffalo, NY 14260

(716) 636-2406

Dr. Manjit S. Jawa

Professor

Dept. of Mathematics
Fayetteville State University
Fayetteville, NC 28301

(919) 486-1675

Dr. David W. Jensen

Assistant Professor

Dept. of Aerospace Eng.
Pennsylvania State University
233N Hammond Bldg.
University Park, PA
(814) 863-1077

16802

Or. Eric R. Johnson
Associate Professor
Dept. of Chemistry
Ball State University
Muncie, IN 47306
(317) 285-8078

Dr. Wiiliam M. Jordan
Assistant Professor

Dept. of Mech. & Indus. Eng.
Lousiana Tech. University

P 0 Box 10348

Ruston, LA 71272

(318) 257-4304

Dr. Mohammad A. Karim
Assistant Professor
Dept. of Electrical Eng.
University of Dayton
KL-2410

Gayton, OH 45469

(513) 229-3611

OEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assiqgned:

Degqree:
Assigned:

Degree:
Specialty:
Assigned:

Deqree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:

xiii

Ph.D., Physics, 1984
Neural Nets
Rome Air Development Center

Ph.D., Applied Math., 1967
Applied Mathematics
Arnold Engineering
Development Center

Ph.D., Structures Tech., 1986
Advanced Composite Materials
Astronautics Laboratory

Ph.D., Biochemistry, 1974
Protein Biochemistry
School of Aerospace Medicine

Ph.D., Intersiciplinary
Eng., 1985

Composite Materials

Weapons Laboratory

Ph.D., Electrical Eng., 1982
Electro-Optics
Avionics Laboratory




NAME/ADDRESS

Dr. Arkady Kheyfets
Assistant Professor
Dept. of Mathematics

North Carolina State Univ.

Box 8205
Raleigh, NC 27695-8205
(919) 737-3265

Prof. Daisy W. Kimble
Assistant Professor
Dept. of Chemistry
Southern University

P 0 Box 11487

Baton Rouge, LA 708313
(504) 771-3734

Dr. Yulian B. Kin
Associate Professor

Dept. of Engineering
Purdue University Calumet
Potter Building

Hammond, IN 46323

(219) 989-2684

Dr. Samuel P. Kozaitis
Assistant Professor
Dept. of Electrical Eng.

Florida Institute of Tech.

Melbourne, FL 32901-6988
(305) 768-8000

Or. Janet U. Kozyra

Assistant Research Scientist

University of Michigan

Space Physics Research Lab.

2455 Hayward
Ann Arbor, MI 48109-2143
(313) 747-3550

Dr. Charles E. Lance
Assistant Professor
Oept. of Psychology
University of Georgia
Athens, GA 30602
(404) 542-3053

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Ph.D., Physics, 1986
Mathematical Physics
Weapons Laboratory

M.S., Analytical Chem., 1986
Analytical Chemistry
School of Aerospace Medicine

Ph.D., Fatigue Stress Analysis
1971

Stress Analysis

Flight Dynamics Laboratory

Ph.D., Electrical Eng, 1986
Optics, Computer Architecture
Rome Air Development Center

Ph.D., Atmospheric Sci., 1986
Space Physics
Air Force Geophysics Lab.

Ph.D., Psychology, 1985
Industrial/Organizational Psy.
Human Resources lLaboratory:
Manpower & Personnel Division




NAME/ADDRESS

Dr. Thomas L. Landers
Assistant Professor

Dept. of Industrial Engineering

University of Arkansas
4176 Bell Engineering Ctr.
Fayetteville, AR 72703
(501) 575-6042

Prof. Anastas Lazaridis
Assistant Professor
Dept. of Mechanical Eng.
Widener University
Chester, PA 19013

(215) 499-4487

Dr. L. James Lee
Associate Professor

Dept. of Chemical Eng.
The Ohjo State University
140 W. 19th Avenue
Columbus, OH 43210

(614) 292-2408

Or. Robert Y. Li
Assistant Professor
Dept. of Electrical Eng.
University of Nebraska
Lincoln, NE 68588

(402) 472-5892

Or. Irving Lipschitz
Associate Professor
Dept. of Chemistry
University of Lowell
1 University Lane
Lowell, MA 01854
(617) 452-5000

Or. Harold G. Longbotham
Visiting Assistant Professor
Dept. of Electrical Eng.
Univ. of Texas - San Antonio
San Antonio, TX 78285

(512) 691-5518

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: Ph.D., Industrial Eng., 1985

Specialty: Reliability & Maintainability

Assigned: Human Resources Laboratory:
Logistics & Human Factors Div.

Degree: Sc.D., Thermal Fluids, 1969
Specialty: Ablation, Solar Energy
Assigned: Armament Laboratory

Degree: Ph.D., Chemical Eng., 1979
Specialty: Polymer & Composite Processing
Assigned: Materials Laboratory

Degree: Ph.D., Electrical Eng., 1981

Specialty: 1Image Processing
Assigned: Avionics Laboratory

Degree: Ph.D., Physical Chem., 1965
Specialty: Vibrational Spectroscopy
Assigned: Air Force Geophysics Lab.

Degree: Ph.D., Electrical Eng., 1985
Specialty: Nonlinear Digital Filtering
Assigned: School of Aerospace Medicine

Xy




NAME/ADDRESS

Dr. David A. Ludwig
Assistant Professor
Dept. of Mathematics
Univ. of North Carolina
at Greensboro
Greensboro, NC 27412
(919) 334-5836

Dr. Douglas A. Mandra
Associate Professor
Dept. of Psychology
Francis Marion College
P 0 Box 7500

Florence, SC 29501
(803) 661-1378

Dr. Robert E. Masingale, Sr.
Professor

Dept. of Chemistry

Jarvis Christian College
Hawkins, TX 75765

(214) 769-2174

Or. John P. McHugh
Assistant Professor

Dept. of Mechanical Eng.
University of New Hampshire
133 Kingsbury

Durham, NH 03824

(603) 862-1899

Dr. Michael L. McKee
Associate Professor
Dept. of Chemistry
Auburn University
Auburn, AL 36849-5312
(205) 826-4043

Dr. Thomas T. Meek

Associate Professor

Dept. of Materials Sci. & Eng.
University of Tennessee

434 Dougherty Engineering Bldg.
Knoxville, TN 37966-2200

(615) 970-0940

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

xvi

Ph.D., Biostatistics, 1982
Biostatistics, Exp. Design
School of Aerospace Medicine

Ph.D., Psychology, 1974
Experimental Psychology
Human Resources Laboratory:
Operations Training Division

Ph.D., Organic Chemistry, 1968
Organic & Analytical Chemistry
Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.0., Applied Mechanics, 1986
Fluid Mechanics
Air Force Geophysics Lab.

Ph.D., Chemical Physics, 1977
Molecular Orbital Theory
Frank J. Seiler Research Lab.

Ph.D., Ceramic Eng., 1977
Ceramic Processing
Materials Laboratory



NAME/ADDRESS

Dr. Tammy J. Melton
Assistant Professor
Dept. of Chemistry
St. Norbert College
DePere, WI 54115
(414) 337-3206

Dr. Carolyn W. Meyers
Assistant Professor

Dept. of Mechanical Eng.
Georgia Inst. of Technology
School of Mechanical Eng.
Atlanta, GA 30332

(404) 894-3264

Or. David W. Mikolaitis
Assistant Professor

Dept. of Engineering Sciences
University of Florida

231 Aero

Gainesville, FL 32611

(904) 392-0961

Dr. Kwang S. Min

Professor

Dept. of Physics

East Texas State University
Commerce, TX 75428

(214) 885-5483

Dr. Joseph J. Molitoris
Professor

Dept. of Physics
Muhlenberg College
Allentown, PA 18104
(215) 821-3413

Mr. Augustus Morris
Instructor

Dept. of Manufacturing Eng.
Central State University
Wilberforce, OH 45384
(513) 376-6435

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:

Assigned:

Degree:

Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xvii

Ph.D., Inorganic Chem., 1986
Inorganic Synthesis
Frank J. Seiler Research Lab.

Ph.D., Physical Metallurgy,
1984

Microstructure

Engineering & Services Center

Ph.D., Theoretical & Applied
Mechanics, 1981

Applied Math

Armament Laboratory

Ph.D., Physics, 1962
Signal Processing
Armament Laboratory

Ph.D., Physics, 1985
Nuclear Physics
Armament Laboratory

B.S., Biomedical Eng., 1981
Biomedical Engineering
Flight Dynamics Laboratory




NAME/ADDRESS

Or. William P. Mounfield
Assistant Professor

Dept. of Mechanical Eng.
Louisiana State University
R2513-A CEBA Bldg.

Baton Rouge, LA 70803-6413

(504) 388-6488

Or. Nanda L. Mukherjee
Associate Professor
Dept. of Chemical Eng.
Tuskegee Unijversity
Tuskegee, AL 36088
(205) 727-8050

Dr. Richard S. Myers
Professor

Dept. of Physical Sciences
Delta State University

P 0 Box 3255

Cleveland, OH 38733

(601) 846-4482

Dr. Himanshoo V. Navangul
Professor

Dept. of Chemistry and
Physical Science

North Carolina Wesleyan College

Wesleyan Station
Rocky Mount, NC 27804
(919) 977-11MN

Dr. Mark A. Norris
Assistant Professor

Dept. of Mechanics
Virginia Polytechnic Inst.
and State University

227 Norris Hall
Blacksburg, VA 24061
(703) 961-4576

Dr. Mufit H. Ozden
Associate Professor

Dept. of Systems Analysis
Miami University

2303 Kreger Hall

Oxford, OH 45056

(513) 529-5937

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xviii

Ph.D., Mechanical Eng., 1985
Automatic Controls
Engineering & Services Center

Ph.D., Chemical Eng., 1967
Kinetics
Flight Dynamics Laboratory

Ph.D., Physical Chem., 1968
Experimental Physical Chem.
Engineering & Services Center

Ph.D., Physical Chem., 1967
Molecular Spectroscopy
Air Force Geophysics Lab.

Ph.D., Eng. Mechanics, 1986
Structural Dynamics & Controls
Astronautics Laboratory

Ph.D. Eng. Systems, 1975
Operations Research

Human Resources Laboratory:
Logistics & Human Factors Div.




NAME/ADORESS

Prof. Martin A, Patt
Associate Professor
Dept. of Electrical Eng.
University of Lowell

1 University Ave.
Lowell, MA 01854

(617) 452-5000

Or. David G. Payne
Assistant Professor
Oept. of Psychology
SUNY Binghamton
Binghamton, NY
(607) 777-4610

13901

Dr. William Z. Plachy
Professor

Dept. of Chemistry & Biochem.
San Francisco State University
San Francisco, CA 94132

(415) 338-1436

Or. Patricia L. Plummer
Professor

Dept. of Physics & Chemistry
Columbia Univ. of Missouri
Columbia, NC 65211

(314) 882-3053

Or. Lecnard E. Porter
Professor

Dept. of Physics & Astronomy
University of Montana
Missoula, MT 59812

(406) 243-6223

Dr. Ramalingam Radhakrishnan
Assistant Professor

Dept. of Civil Engineering
Prairie View A&M University
Prairie View, TX 177084
(409) 857-2418

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:

M.S., Electrical Eng., 1964
Computer Applications
Air Force Geophysics Lab.

Ph.D., Cognitive Psy., 1984

Human Memory

Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Physical Chem., 1967
Physical Chemistry
School of Aerospace Medicine

Ph.D., Chemical Physics, 1964
Quantum Chemistry
fFrank J. Seiler Research Lab.

Ph.D., Nuclear Physics, 1965
Nuclear Physics
Weapons Laboratory

Ph.D, Structure Eng., 1974
Structures
Engineering & Services Center




NAME/ADDRESS

Dr. Periasamy K. Rajan
Professor

Dept. of Electrical Eng.
Tennessee Tech. University
Box 5004

Cookeville, TN 38505
(615) 372-3308

Dr. Panapakkam A. Ramamoorthy
Associate Professor

Dept. of Elect. & Computer Eng.
University of Cincinnati

M.L. #30

Cincinnati, OH 45220

(513) 475-4247

Dr. Dharam S. Rana

Associate Professor

Dept. of Management & Marketing
Jackson State University

1400 J.R. Lynch

Jackson, MS 39217

(601) 968-2534

Dr. Sunita S. Rana
Instructor

Dept. of Computer Science
Jackson State University
1400 Lynch Street
Jackson, MS 39217

(601) 968-2105

Dr. Hal C. Reed
Associate Professor
Dept. of Biology

Oral Roberts University
7777 S. Lewis

Tulsa, OK 7417

(918) 495-6945

Dr. Michael D. Rice
Associate Professor

Dept. of Computer Science
George Mason University
4400 University Or.
Fairfax, VA 22030

(703) 323-3884

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Deqree:

Speciajty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assiqned:

XX

Ph.0., Electrical Eng., 1975
Digital Signal Processing
Avionics Laboratory

Ph.D., Digital Signal
Processing, 1977

Optical Memory

Avionics Laboratory

Ph.D., Statistics, 1976
Quantitative Techniques

Human Resources Laboratory:
Manpower & Personnel Division

Ph.D., Biology, 1969
Computer Science

Human Resources Laboratory:
Training Systems

Ph.D., Entomology, 1982
Insect Behavior
School of Aerospace Medicine

Ph.D., Mathematics, 1973
Computer Science/Math
Weapons Laboratory




NAME/ADDRESS

Dr. Mateen M. Rizki
Assistant Professor

Dept. of Computer Science
Wright State University
410 Fawcett Hall

Dayton, OH 45435

(513) 873-2394

Dr. Thomas R. Rogge
Professor

Dept. of Eng. Science & Math
Towa State University

3015 Black E£ng.

Ames, IA 50010

(515) 294-2956

Dr. Joe M. Ross
Assistant Professor
Dept. of Chemistry
Central State University
Wilberforce, OH 45384
(513) 376-6214

Or. Joseph E. Saliba

Assistant Professor

Dept. of Civil & Engr. Mechanics
University of Dayton

300 College Park

Dayton, OH 45469

(513) 229-3847

Dr. Ohiraj K. Sardar
Assistant Professor

Dept. of Physics

University of Texas

Div. of Earth & Physical Sci.
San Antonio, TX 78285-0663
(512) 691-5462

Prof. Sonia H. Sawtelle
Teaching Associate

Dept. of Education

Univ. of Texas - San Antonio
San Antonio, TX 78285

(512) 691-4412

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degqree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:

xx i

Ph.D., Computer Science, 1985
Modeling and Simulation
Avionics Laboratory

Ph.D., Applied Math, 1964
Finite Element Analysis
School of Aerospace Medicine

Ph.D., Molecular Bio., 19717
Biochemistry of Macromolecules
School of Aerospace Medicine

Ph.D., Solid Mechanics, 1983
Engineering Mechanics

Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Physics, 1980
Materials Science & Lasers
School of Aerospace Medicine

MS., Exercise Physiology, 1975
Exercise Physiology
School of Aerospace Medicine




NAME/ADDRESS

Dr. Paul 0. Scheie
Professor

Dept. of Physics

Texas Lutheran College
1000 West Court
Sequin, TX 78155
(512) 379-4161

Or. James L. Schmutz
Professor

Dept. of Chemistry
Central Wesleyan College
1 Wesleyan Drive
Central, SC 29630

(803) 639-2453

Dr. Jodye I. Selco
Assistant Professor
Dept. of Chemistry
University of Redlands

P 0 Box 3080

Redlands, CA 92373-0999
(714) 793-2121

Dr. Shawky E. Shamma
Professor

Dept. of Math/Statistics
University of West Florida
Pensacola, FL 32514

(904) 474-2281

Dr. Rameshwar P. Sharma
Associate Professor

Dept. of Mechanical Engineering
Western Michigan University
2065 Kohrman Hall

Kalamazoo, MI 49008

(616) 383-1408

Dr. Larry R. Sherman
Professor

Dept. of Chemistry
Unijversity of Akron
Akron, OH 44325-0001
(216) 375-7333

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xXi1

Ph.D., Biophysics, 1965
Electrophysiology
School of Aerospace Medicine

Ph.D., Chemistry, 1976
Inorganic Polymers
Frank J. Seiler Research Lab.

Ph.D., Chemical Physics, 1983
Spectroscopy, Kinetics
Astronautics Laboratory

Ph.D., Applied Math, 1969
Applied Mathematics
Armament Laboratory

Ph.D., Mechanical Eng., 1978
Fluid Mechanics
Astronautics Laboratory

Ph.D., Analytical Chem., 1969
Organotin Chemistry
Occupational and Environment
Health Laboratory




NAME/ADDRESS

Dr. James A. Sherwood
Assistant Professor

Dept. of Mechanical Eng.
University of New Hampshire
Kingsbury Hall

Ourham, NH 03824

(603) 862-2624

Dr. Sanford S. Singer
Professor

Dept. of Chemistry
University of Dayton
300 College Park
Dayton, OH 45469
(513) 229-2833

Dr. Trilochan Singh
Professor

Dept. of Mechanical Eng.
Wayne State University
Detroit, MI 48202

(313) 577-3845

Dr. Jorge L. Sintes

Chairman

Dept. of Preventive Dentistry
and Community Health

Meharry Medical College

1005 D.B. Todd Blvd.
Nashville, TN 37208

(615) 327-6185

Dr. Kenneth M. Sobel

Associate Professor

Dept. of Electrical Engineering
The City College of New York
138th St. & Convent Ave.

New York, NY 10031

(212) 690~4241

Dr. Jonathan M. Spector
Assistant Professor

CsSIS

Jacksonville State University
Pelham Road

Jacksonville, AL 36265

(205) 231-5718

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degqree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xx111

Ph.D., Aerospace tEng., 1987
Solid Mechanics
F1ight Oynamics Laboratory

Ph.D., Biological Chem., 1967
Enzymology

Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Mechanical Eng., 1970
Chemical Combustion
Astronautics Laboratory

Ph.D., Nutrition, 1978
Dentistry
Wilford Hall Medical Center

Ph.0., Electrical Eng., 1980
Eigenstructure
Flight Dynamics Laboratory

Ph.D., Philosophy, 1978
Logic

Human Resources Laboratory:
Training Systems Division

“—"""""""""llllllllllllIlllllIlIlIlllllllllIlllllllllllllIllllllllllllllllllllllllllllll




NAME/ADDRESS

Or. Gary R. Stevens
Assistant Professor

Dept. of Statistics
Oklahoma State University
301 MS

Stillwater, 0K 74078
(405) 624-5684

Dr. Patrick J. Sweeney
Asst. Dean of Engineering
University of Dayton

300 College Park, KL201
Dayton, OH 45469

(513) 229-2736

Dr. Michael Sydor
Professor

Dept. of Physics
University of Minnesota
Duluth, MN 55812

(218) 726-1205

Or. Douglas G. Talley
Assistant Professor

Dept. of Mechanical Eng.
University of Michigan
313 Automotive Lab

Ann Arbor, MI 48109-2121
(313) 936-0429

Dr. David J. Townsend
Associate Professor

Dept. of Psychology
Montclair State College
Upper Montclair, NJ Q7042
(201) 893-7222

Or. Donald R. Ucci
Associate Professor

Dept. of Elect. & Computer Eng.

I1linois Inst. of Technology
3300 S. Federal

Chicago, IL 60616

(312) 567-3405

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Oegree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

XXiv

Ph.D., Statistics, 1986
Stochastic Processes
Occupational and Environment
Health Laboratory

Ph.D., Mechanical Eng., 1977
Computer Modeling
Flight Dynamics Laboratory

Ph.D., Physics, 1965
Optics, Material Science
Materials Laboratory

Ph.D., Mechanical Eng., 1978
Combustion
Aero Propulsion Laboratory

Ph.D., Cognitive Psy., 1982
Cognitive Science
Rome Air Development Center

Ph.D., Electrical Eng., 1986
Adaptive Arrays
Rome Air Development Center




NAME/ADDRESS

Dr. Ahmad D. Vakili

Associate Professor

Dept. of AE/ME

Univ. of Tennessee Space Inst.
Tullahoma, TN 37388

(615) 455-0631

Or. Richard S. Valpey
Assistant Professor
Dept. of Chemistry
Wilberforce University
Wilberforce, OH 45384
(513) 376-2911

Dr. Peter J. Walsh

Professor

Dept. of Physics

Fairleigh Dickinson University
Teaneck, NJ 07666

(201) 692-2493

Dr. Kenneth L. Walter
Associate Professor

Dept. of Chemical Engineering
Prairie View A&M University
Prairie View, TX 77446

(409) 857-2827

Dr. Gwo-Ching Wang
Associate Professor

Dept. of Physics

Rensselaer Polytechnic Inst.
Troy, NY 12180-3590

(518) 276-8387

Dr. Andrew P. Whipple
Associate Professor
Dept. of Biology
Taylor University
Upland, IN 46989
(317) 998-5333

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Speciality:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

XXv

Ph.D., Aerospace Eng., 1978
Unsteady Flows

Arnold Engineering
Development Center

Ph.D., Organic Chemistry, 1983
Organic Synthesis
Materials Laboratory

Ph.D., Physics, 1960
Superconductivity
Rome Air Development Center

Ph.D., Chemical Eng., 1972
Chemical Engineering Process
Rome Air Development Center

Ph.D., Materials Science, 1978
Surface Sciences
Rome Air Development Center

Ph.D., Biology, 1979

Cell Biology

Harry G. Armstrong Aerospace
Medical Research Laboratory




NAME/ADDRESS DEGREE, SPECIALTY, LABORATORY ASSIGNED
Prof. Sharon T. Williams Degree: M.S., Biochemistry, 1981
Instructor Specialty: General Chemistry

Dept. of Chemistry Assigned: School of Aerospace Medicine

Southern University
Baton Rouge, LA 70813-2074
(504) 771-3990

Dr. Lawrence A. Witt Degree: Ph.D., Psychology, 1985
Assistant Professor Specialty: Industrial/Organ. Psychology
Dept. of Psychology Assigned: Human Resources Laboratory:
Western I1linois University Operations Training Division

Macomb, IL 61455
(309) 298-1593

Or. Frank A. Witzmann Degree: Ph.D., Biology, 1981
Assistant Professor Specialty: Protein Analysis

Dept. of Biology Assigned: Harry G. Armstrong Aerospace
IUPUI ~ Columbus Medical Research Laboratory

4601 Central Avenue
Columbus, IN 47203
(812) 372-8266

Dr. William E. Wolfe Degree: Ph.D., Engineering, 1979
Associate Professor Specialty: Geotechnical Engineering
Dept. of Civil Engineering Assigned: Flight Dynamics Laboratory

Ohio State University
2070 Neil Avenue
Columbus, OH 43210
(614) 292-0790

Dr. John R. Wright Degree: Ph.D., Chemistry, 1971
Professor Specialty: Biochemistry
Dept. of Chem., Physical Sci. Assigned: School of Aerospace Medicine

Southeast Oklahoma State Univ.
Box 4181, Station A, SEOSU
Durant, 0K 74701

(405) 924-0121

Prof. Wafa E. Yazigi Degree: M.S., Aeronautical Eng., 1986
Instructor Specialty: Solid Mechanics

Dept. of Mathematics Assigned: Armament Laboratory

Columbia Basin College

2600 N. 20th

Pasco, WA 99301
(509) 547-0511

Xxvi




NAME/ADDRESS

Dr. Lawrence F. Young
Associate Professor
Dept. of QA/IS, CBA
University of Cincinnati
ML 30

Cincinnati, OH 45220
(513) 475-7169

Dr. Robert K. Young
Professor

Dept. of Psychology
University of Texas

Mezes 330, Psychology Dept.
Austin, TX 78713

(512) 4711-9228

Or. Juin S. Yu

Professor

Dept. of Mechanical Eng.
West virginia Tech.
Montgomery, WV 25136
(304) 442-3248

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Degree:
Specialty:
Assigned:

xxvii

D.Sc., Industrial Eng., 1978
Industrial Engineering

Human Resources Laboratory:
Logistics & Human Factors Div.

Ph.D., Exp. Psychology, 1954
Experimental Psychology

Human Resources Laboratory:
Manpower & Personnel Division

Ph.D., Mechanical Eng., 1964
Thermofluid Transport
Aero Propulsion Laboratory




PARTICIPANT LABORATORY ASSIGNMENT
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C. PARTICIPANT LABQRATORY ASSIGNMENT (Page 1)

1988 USAF/UES SUMMER FACULTY RESEARCH PROGRAM

AERO PROPULSION LABORATORY (AFWAL/APL)
(Wright-Patterson Air Force Base)
1. Bryan Becker
2. Mingking Chyu
3. Jerry Clark
4. Derek Dunn-Rankin

ARMAMENT LABORATORY (AD)
(Eglin Air Force Base)
1. Ibrahim Ahmad
2. Stephen Dow
3. Manuel Huerta
4, Anastas Lazaridis

o -~Jowm

@ ~Nowm

Wayne Eckerle
David Mikolaitis
Douglas Talley
Juin Yu

Kwang Min

Joseph Molitoris
Shawky Shamma
Wafa Yazigi

HARRY G. ARMSTRONG AEROSPACE MEDICAL RESEARCH LABORATORY (AAMRL)

(Wright-Patterson AFB)
Praphulla Bajpai
Shankar Bale
Charles Covington
Barry Goettl
Robert Masingale

N H N =

— WO D~y

ARNOLD ENGINEERING OEVELOPMENT CENTER (AEODC)

(Arnold Air Force Base)
1. Eustace Dereniak
2. William Grissom

3. Darrell Hoy

ASTRONAUTICS LABORATORY (AL)
Edwards Air Force Base)
1. Clarence Calder
2. Phillip Christiansen
3. Susan Collins
4, David Jensen

AVIONICS LABORATORY (AFWAL/AL)
(Wright-Patterson Air Force Base)
1. Mike Burlakoff
2. Gerald Grams
3. David Hemmendinger
4. Mohammad Karim

EASTERN SPACE AND MISSILE CENTER (ESMC)

(Patrick Air Force Base)
1. Albert Heaney

xxix
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David Payne
Joseph Saliba
Sanford Singer
Andrew Whipple
Frank Witzmann

Manjit Jawa
Ahmad Vakili

Mark Norris
Jodye Selco
Rameshwar Sharma
Trilochan Singh

Robert Li

Periasamy Rajan
Panapakkam Ramamoorthy
Mateen Rizki




C. PARTICIPANT LABORATORY ASSIGNMENT (Page 2)

ELECTRONIC SYSTEMS DIVISION (ESD)

(Hanscom Air Force Base)
1. George Bratton
2. John Dalphin

(Tyndall Air Force Base)
1. Wayne Charlie

2. David DeHeer

3. Deanna Ournford

4. Edward Greenwald

FLIGHT DYNAMICS LABORATORY (FDL)
(Wright-Patterson Air Force Base)

Larry Byrd
Karen Chou
Awatef Hamed
Yulian Kin
Augustus Morris

BN~
s e e e

USAF Academy)

Dan Bruss
Charles Bump
Richard Carlin

(
1
2
3
4 Michael McKee

GEOPHYSICS LABORATORY (AFGL)

(Hanscom Air Force Base)
Lucia Babcock
Stephen Baker
Pradip Bakshi
Reuben Benumof
Donald Collins
Michael Frantz

o wNn -~
P Y

HUMAN RESOURCES LABORATORY (HRL)

ENGINEERING AND SERVICES CENTER (ESC)

[e o IR NN o NS,
¢« o e o

— W o-~Jo

FRANK J. SEILER RESEARCH LABORATORY (FJSRL)

Neil Hutzler

William Mounfield
Richard Myers

Ramalingam Radhakrishnan

Nanda Mukherjee
James Sherwood
Kenneth Sobel
Patrick Sweeney
William Wolfe

Tammy Melton
Patricia Plummer
James Schmutz

Christopher Godfrey
Janet Kozyra

Irving Lipschitz
John McHugh
Himanshoo Navangul
Martin Patt

(Brooks, Williams, and Wright-Patterson Air Force Bases)

Patricia Carlson
Kevin Ford

Hugh Garraway
Douglas Jackson
Charles Lance
Thomas Landers
Douglas Mandra

~NOWLY BN —
« e e o s e

XXX

Mufit Ozden
Dharam Rana
Sunita Rana
Jonathan Spector
Lawrence Witt
Lawrence Young
Robert Young




C. PARTICIPANT LABORATORY ASSIGNMENT (Page 3)

MATERIALS LABORATORY (ML)
(Wright-Patterson Air Force Base)

1. Robert Arenz 1. Vijay Gupta
2. Gene Carlisle 8. L. James Lee
3. Parvis Dadras 9, Thomas Meek
4. Suren Dwivedi 10. Carolyn Meyers
5. Barry Fussell 11. Michael Sydor
6. David Grossie 12. Richard Valpey

OCCUPATIONAL AND ENVIRONMENTAL HEALTH LABORATORY (OEHL)
(Brooks Air Force Base)
1. Steven Chiesa 3. Larry Sherman
2. Randolph Huff 4, Gary Stevens

ROME AIR DEVELOPMENT CENTER (RADC)
(Griffiss Air Force Base)

1. Beryl Barber 7. Samuel Kozaitis
2. Keith Christianson 8. David Townsend
3. Darin Deforest 9. Donald Ucci
4, Paul Dingman 10. Peter Walsh
5. Hugh Donaghy 11. Kenneth Walter
6. Oleg Jakubowicz 12. Gwo-Ching Wang

SCHOOL OF AEROSPACE MEDICINE (SAM)
(Brooks Air fForce Base)

1. Ronald Buibulian 9. Hal Reed

2. John Burke 10. Thomas Rogge

3. Bennye Henderson n. Joe Ross

4. Eric Johnson 12. Dhiraj Sardar
5. Daisy Kimble 13. Sonja Sawtelle
6. Harold Longbotham 14. Paul Scheie

7. David Ludwig 15. Sharon Williams
8. William Plachy 16.  John Wright

WEAPONS LABORATORY (WL)
(Kirtland Air Force Base)
1. Lane Clark
2. pavid Dolson
3. William Jordan

Arkady Kheyfets
Leonard Porter
Michael Rice

(=AM S I -]

WILFORD HALL MEDICAL CENTER (WHMC)
(Lackland Air Force Base)
1. David Cecil
2. Jorge Sintes

xxx1




RESEARCH REPORTS

xxxii




RESEARCH REPORTS
1988 SUMMER FACULTY RESEARCH PROGRAM

Technical
Report
Number Title Professor
Volume [
Armament Laboratory
1 Measuring Systems Effectiveness and Dr. Ibrahim Ahmad
Systems Availability of Hardened
Targets Subject to a Variety of
Weapons
2 Model Orawing Algorithms for a Dr. Stephen Dow
Matching Problem
3 Two Dimensional Simulation of Dr. Manuel Huerta
Railgun Plasma Armatures
4 Modeling Reactive Fragments Dr. Anastas lLazaridis
5 Target-Aerosol Discrimination Dr. Kwang Min
Techniques for Active Optical
Proximity Sensors
6 The Oynamics of Projectile Impact Dr. Joseph Molitoris
1 ARIMA Modeling of Residuals in Or. Shawky Shamma
AD/KR TDOP Models
8 Stress Analysis for a fin Dr. Wafa Yazigi

Stabilized Projectile

Arnold Engineering Development Center

9 Infrared Charge Transfer Device Dr. Eustace Dereniak
Characterization

10 Liquid Film Cooling In Rocket Engines Dr. William Grissom

11 Diffuser Failure Investigation/Non- Or. Darrell Hoy

Interference Stress Measurement
System Algorithms Study

12 Solid Rocket Motor Plume Analysis Or. Manjit Jawa
Through Emission Computerized
Tomography

13 Skin Friction Measurement Using Or Ahmad Vakili

Surface Mounted Hot Films

xxx1ii




Astronautics Laboratory

14

15

16

17

18

19

20

21

tEastern Space
22

Study of Embedded Sensors in
Graphite-Epoxy Composites

Core Polarization in Lithium and
Aluminum

The Photochemistry of u3-
(n-Diethylacetylene)-
Decacarbonylitriosmium in Solid Argon

Composite-Embedded Fiber-Optic
Strain Sensors

Observer Design for the AFAL Grid
Structure Using Low-fregquency
Accelerometer Data

Photochemistry of Azulene Solutions
and a Novel Photochemical Nitration
Process

Injection System and Spray
Characteristics

Chemical Kinetic Mechanisms for
CH4/N02/07 Flames

and Missile Center
Generic Requirements for a
CAE/CAD/CAM System

Electronics Systems Division

23

24

Alaskan HF Test Data Analysis

Stage 1 Analysis of Alaskan High
Frequency Radio Network

Engineering and Services Center

25

26

217

28

High Intensity Stress Wave
Propagation in Partially
Saturated Sand

Individualization of Human Tissue
by the Serologic Identification
of Erythrocyte Antigens

Estimation of Jet Fuel Contamination
in Soils

Cogeneration Assessment on Military
Bases

XxXiv

Or.

Dr.

Or.

Or.

Dr.

Or.

Or.

Or.

or.

Or.
Or.

Or.

Dr.

Dr.

Clarence Calder

Phillip Christiansen

Susan Collins

David Jensen

Mark Norris

Jodye Selco

Rameshwar Sharma

Trilochan Singh

Albert Heaney

George Bratton

John Dalphin

Wayne Charlie

David UeHeer

Deanna Durnford

. Edward Greenwald




29 Soil Vapor Extraction of Volatile Dr. Neil Hutzler
Organic Chemicals

30 A Preliminary Investigation of Dr. William Mounfield
Neural Networks for the Air Force
Engineering and Services Center

31 Rapid Measurements of Adsorption Dr. Richard Myers
and Desorption of Volatile Organic
Compounds
32 Prefabricated Hypar Structural Dr. Ramalingam Radhakrishnan

System Cost Comparison with Box
and Arch Structures

Volume 11
Frank J. Seiler Research Laboratory
33 Thermal Decomposition Kinetic Dr. Dan Bruss
Studies of NTO by High Performance
Liquid Chromatography
34 Preparation and Properties of Dr. Charles Bump
Nitronium Tetrachloroaluminate
35 Homogeneous Ziegler-Natta Catalysis Dr. Richard Carlin
in Lewis Acid Molten Salts
36 A MCSCF Study of the Rearrangement Dr. Michael McKee
of Nitromethane to Methyl Nitrite
37 The Effects of Sodium Chloride Dr. Tammy Melton
on Room Temperature Molten Salts
38 AB Initio and Chemical Dynamics Or. Patricia Plummer
Study of Energetic Materials
39 Separators for Molten Salt Batteries Dr. James Schmutz

Geophysics Laboratory
40 Radiative Association In Ion- Or. Lucia Babcock
Molecule Reactions: Reactions of
Some Carbon Cations

41 Upward Continuation of Gravity Data Dr. Stephen Baker
With Error Estimates

42 Impulse Approximation Formalism Dr. Pradip Bakshi
for Atom Molecule Collisions

43 Total Dose Effect on Soft Error Dr. Reuben Benumof
Rate for Dynamic MOS Memory Cells

XXXV




44

45

46

47

48
49
50

51

Rome
52

53

54

55

56

57
58

59

60

Digital Photometric Calibration of
and Analysis with Video Imagers in
the Ultraviolet

A Model for Intensified Frontogenesis
Over a Modified Mountain Ridge

Gamma and X Radiation from Solar
Flares

Theoretical and Observational Studies
of Geomagnetic Storm-Related Ion

and Electron Heating in the
Subauroral Region

Update of the Hitran Database
Spectral Domain Decomposition

On the Possible Inclusion of "Heavy"
Molecules in the HITRAN Database

Software Tools for Processing
Large Lidar Data Streams

Air Development Center

Noise Calculations in a RADAR
Receiver

Stability of Au/W/GaAs and
Au/Pt/Ti/GaAs Schottky Barrier
Height: A Preliminary Study

Parallel Runtime System For Lucid

Pre-Sort Processor Phase Distortion
Evaluation

A PROLOG Natural Language Front End
to an ERIC Object Oriented Database

No Report Submitted at this Time

Design of an Optical Correlator
Testbed and Optical Co-Processor

Characteristics of Dialog in a Noisy
Channel for Performing a Time-
Oriented Task

The Effects of Nonlinearities of High

Speed Analog-to-Digital Converters
on Digital Beamfcrming Arrays

XXXVi

Or.

Or.
Or.

Or.

Or.
Dr.

Or.

Dr.

Or.
Or.
Or.
Or.
or.

or.
or.

Dr.

Dr.

Donald Collins

Michael Frantz

Christopher Godfrey

Janet Kozyra

Irving Lipschitz
John McHugh

Himanshoo Navangul

Martin Patt

Beryl Barber

Keith Christianson

ODarin DeForest

Paul Dingman

Hugh Donaghy

0leg Jakubowicz

Samuel Kozaitis

David Townsend

Donald Ucci




61 Studies in Microwave Superconductors Dr. Peter Walsh

62 Chemical Vapor Deposition of Dr. Kenneth Walter
Titanium Compounds with an Atomic
Layer Epitaxy System

63 Surface Effects on the High Or. Gwo-Ching Wang
Temperature Superconducting
YB8aCuO Thin Films grown by
RF Sputtering

Weapons Laboratory

64 Realization of Sublayer Relative Dr. Lane Clark
Shielding Order in Electromagnetic
Topology

65 Diode Laser Probe of Vibrational Dr. David Dolson
Energy Transfer Kinetics in Sulfur
Monoxide

66 tvaluating How Laser Irradiation Or. William Jordan
Damages Loaded Composite Materials

67 Relativistic Effects in GPS Time Dr. Arkady Kheyfets
Transfer

68 Stopping Power and Penetration Dr. Leonard Porter
Physics

69 Performance Models for Parallel Dr. Michael Rice
Algorithms

Volume III

Air Force Wright Aeronautical Laboratories
Aero Propulsion Laboratory
70 Computation of the Flow Field and Or. Bryan Becker
Heat Transfer in a Rectangular
Passage with a Turbulator

T Use of Laser Light visualization Dr. Mingking Chyu
Techniques on Studies of Film
Cooling Flow And Flow Over Cavities

72 Experimental Study of Electronic Or. Jerry Clark
Excitation of Xenon by Electon
Impact
73 Cars Thermometry in Droplet-Laden Or. Derek Dunn-Rankin
Flows
xxxvii




14

15
16

11

Measurement of the Velocity Field
and Heat Transfer Coefficients
Associated with a Rectangular
Wall Jet

Lifted Jet Diffusion Flames

Interpretation of a Lifted Turbulent
Diffusion Flame as a Problem in
Stratified Combustion

Diffusion and Convection in the
Condenser of a Gas-Loaded Heat
Pipe

Avionics Laboratory

18
19

80

8]

82

83
84

85

Ada Compiler Evaluation Capability

A Study of Sky Backgrounds and Sub-
Visual Cirrus at the Megalidar Site
and a Proposed Turbulence Monitoring
Facility for Wright-Patterson AFB

Formal Verification of VHDL
Specifications

Low Voltage Broadband Beam Steering
Devices Using Liquid Crystals

Model-based Target Recognition
Using Laser Radar Imagery

Signal Processing for ESM Receivers

Neural Networks and their Applica-
tions in Digital Receiver Design

Appiications of Evolutionary
Learning Strategies to Pattern
Recognition Tasks

Flight Dynamics Laboratory

86

87

88

Heat Flux Prediction for Nucleate
Boiling in Liquid Metal Heat Pipes

Reliability Study of Nonlinear
Structural Response under Reversible
Cyclic Loading Processes

Survey and Assessment of Validation
Data Base for Shockwave Boundary
Layer Interaction in Supersonic
Inlets

xxXXviii

Or.

Dr.
Or.

Or.

Dr.

Dr.

Dr.

Or.

Or.

Dr.
Dr.

Or.

or.

or.

Dr.

Wayne Eckerle

David Mikolaitis

Douglas Talley

Juin Yu

Mike Burlakoff

Gerald Grams

David Hemmendinger

Mohammad Karim

Robert Li

Periasamy Rajan

Panapakkam Ramamoorthy

Mateen Rizki

Larry Byrd

Karen Chou

Awatef Hamed




89

90

9]

92

93

94

95

Failures of F~16 Transparencies
Analysis and Failure Prevention
Recommendations

Visual Capabilities on a Robot
Aided Aircraft Refueler Prototype

Reaction Kinetic of Halon 1301
Suppression of Fire Explosion in
an Aircraft Fuel Tank

Development of an Aircraft Tire-
Wheel Interface Model for
Flange/Beadseat Contact Loads

Robust Eigenstructure Assignment
for Flight Control Design

A Computer Model for Air-to-Air
Combat (Force on Force) Assessment

Damage in Graphite/Epoxy Plates
Subjected to Low Velocity Impact

Materials Laboratory

96

97

98

99

100

101

102

Analysis Methods for Nonlinear
Mechanical Behavior of Glassy
Polymers

Laser Hardened Materials Via
Magnetically Aligned Polypeptide-
Phthalocyanines

Joining of Carbon-Carbon Composite
Materials

Rapid Simulation for Experimental
validation of H Section Forging
Using Finisher Punch

GPA Control of the End Milling
Process

Single~Crystal Diffraction Analysis
of Compounds with Potential
Nonlinear Optical Properties

Effect of Various Metals on the
Thermal Degradation of a
Chlorotrifluorethylene Based Fluid

Dr.

Mr.

Dr.

or.

Dr.

or.

Dr.

or.

or.

or.

or.

or.

br.

Dr.

Yulian Kin

Augustus Morris

Nanda Mukherjee

James Sherwood

Kenneth Sobel

Patrick Sweeney

William Wolfe

Robert Arenz

Gene Carlisle

Parviz Dadras

Suren Dwivedi

Barry Fussell

David Grossie

Vijay Gupta




103

104

105

106

107

Volume IV

Characterization of Heat Transfer
and Reaction in the Autoclave
Curing of Graphite/Epoxy
Composites by Scaling Analysis

A Study of the Melting of the
Plagioclase Feldspars in a
Microwave Field

Reaction Zone Characeristics of
Titanium Aluminide Composites

Photoreflectance Measurements of
Unintentional Impurities in
Undoped Galium Arsinide

The Synthesis of 2-Formyl
Pyridoimidazoles

Human Systems Division Laboratories

Harry G. Armstrong Aerospace Medical Research Laboratory

108

109

110
11

112

113

114

115

116

Ceramic Composites for Studying Bone
Ingrowth and Remodeling

In Vitro Cytotoxic Effects of Per-
fluorodecanoic Acid on Human Peri-
pheral B8lood Lymphocytes

Auditory Modeling

Cognitive Demands of Tracking
Strategies as Assessed by the
Optimum-Maximum Procedure

Evaluation of an Extraction Procedure
for the Analysis of Serum Steroids

Performance in a Visual Monitoring
Task with Serial and Simultaneous
Dispiay Formats

A Nonlinear Lumped Parameter Model
for the Seated Humans

In Vitro Modeling of Perfluoro-N-
Decanoate Effects on Enzymes of
Fatty Acid Metabolism

Perfluorodecanoic Acid Efflux from
Cultured Primary Rat Hepatocytes

XXxXX

or.

Dr.

or.

Or.

or.

Dr.

Or.

or.
Dr.

Dr.

Dr.

Dr.

Or.

Or.

L. James Lee

Thomas Meek

Carolyn Meyers

Michael Sydor

Richard Valpey

Praphulla Bajpai

Shankar Bale

Charles Covington

Barry Goettl

Robert Masingale

David Payne

Joseph Saliba

Sanford Singer

Andrew Whipple




117

Determination of Perfluoro-N-
Decanoic Acid Toxicity in Vitro
and in Vivo Via Two-Dimensional
Polyacrylamide Gel Electrophoresis

Human Resources Laboratory

118

119

120

121

122

123

124
125

126

1217

128

129

Hypertext and Intelligent Interfaces

for Text Retrieval

Linking Training Evaluation to
Training Needs Assessment:
Development of a Conceptual Model

A Concept for an Intelligent Tool
to Facilitate the Development of
Qualitative Process Models in
Novice Programmers

A Tool for Studying the Effect of
Range Restriction on Correlation
Coefficient Estimation

Evaluation of a Methodology for
Estimating Cross-AFS
Transferability of Skills

An Expert System Approach for
Reliability Data Analysis

No Report Submitted at this Time

Graphical Programming of Simulation

Models in an Object-Oriented
Environment

A Study of Interaction Between Job
Properties and Personal
Characteristics in the New PACE
System

An Intelligent Tutor for the IBM
System/360 Assembly Language:
BIGBLUE

Preliminary Design Considerations
for an Advanced Instructional
Design Advisor

Effectiveness of Contract Monitors
In An Air Force Human Resources
Laboratory: Prediction and
Measurement

XXXX§

or.

Dr.

Dr.

Dr.

Dr.

or.

or.

or.
Or.

Or.

Dr.

Or.

Or.

Frank Witzmann

pPatricia Carlson

J. Kevin Ford

Hugh Garraway

Douglas Jackson

Charles tance

Thomas Landers

Douglas Mandra

Mufit Ozden

Dharam Rana

Sunita Rana

Jonathan Spector

Lawrence Witt




130

131

Computer Support of Creativity in
Unified Life Cycle Engineering

The Relationship Between
Inspection Time and Intelligence

Occupational and Environmental Health Laboratory

132

133

134

135

Solvent Extraction of Boron From
Wastewater

Extention of the Detection Limits
of Arsenic and Selenium in Solid
Samples by ICP/AES Utilizing
Preconcentration Techniques

Determination of Asbestos Fibers
in Environmental Samples Using
Scanning Electron Microscopy and
Energy Dispersive X-ray Analyses
(SEM-EDXA)

Analysis of Contaminated Ground
Water Using Kriging Methods

School of Aerospace Medicine

136

137

138

139

140

141

142

Blood Flow Distribution In The
Non-Working Forearm During Exercise

Photophysics and Photochemistry of
Transition Metal Complexes of
8-Quinolinamine Schiff Bases

Immunocytochemical Localization of
Vasoactive Intestinal Peptide,
Neuropeptide Y and Arginine
Vasopressin within the Supra-
chiasmatic Nuclei of the Rat

Development of Improved Assays for
Cholesterol and Major Lipoprotein
Fractions

Plasma Catecholamine Assays by High
Performance Liquid Chromatography

Application of Nonlinear Filters
to VEP Data

Extensions of Several Difference

Score Approaches for the Analysis
of Time Ordered Repeated Measures

xxxxii

Dr.

Dr.

Or.

pr.

or.

Dr.

Dr.

or.

Dr.

or.

Dr.

or.

or.

Lawrence Young

Robert Young

Steven Chiesa

Randolph Huff

Larry Sherman

Gary Stevens

Ronald Bulbulian

John Burke

Bennye Henderson

Eric Johnson

Daisy Kimble

Harold Longbotham

David Ludwig




143

124

145

146

147

148

149
150

151

Spin Label Studies of Oxygen in
Biological Systems

The Stinging Wasps (Hymenopter:
Vespidae) of South Texas

Modeling of Blood Flow in the
Systemic Human Arterial Tree

The Separation of HDL2 and HOL3
Using the Technique of Ultra-
centrifugation

An Experimental Design to
Demonstrate the Dispersion Effects
of Salt Water on OPTICAL PULSES

Literature Search on Nutrition and
the Relation to Tactical Air
Command Pilots, G-Tolerance and
Energy Output

A Small Inert-Gas Generator

High Performance Liquid
Chromatography (HPLC) Determination
of High Energy Phosphate Pool

Chemiluminescent Probes Based on
Luminol and Luminol Derivatives

Wilford Hall Medical Center

152

153

1889s

PC - Mainfiame Interface for Data
Entry :

Oral Health

xxxxiii

Or.

Dr.

Dr.

Or.

br.

Dr.

Dr.

or.

or.

Or.

Dr.

William Plachy

Hal Reed

Thomas Rogge

Joe Ross

Dhiraj Sardar

Sonia Sawtelle

Paul Scheie

Sharon Williams

John Wright

David Cecil

Jorge Sintes




1988 USAF-UES SUMMER FACULTY RESEARCH PROGRAM

GRADUATE STUDENT-RESEARCH PROGRAM

Sponsored by the
Air force Office of Scientific Research
Conducted by the

Universal Energy Systems, Inc.

FINAL REPORT

CERAMIC COMPOSITES FOR STUDYING BONE INGROWTH AND REMODELING

Prepared by:
Academic Rank:
Department and

University:

Praphulla K. Bajpai, B.V.Sc & A.H., M.V.Sc., Ph.D.
Professor
Biology Department

University of Dayton

Research Location: AAMRL/BBD

Wright Patterson Air Force Base
Dayton, OH 45433

USAF Researcher: E. S. Eveland

Date:

Contract No:

30 September 88

F496 20-87-R-0004




CERAMIC COMPOSITES FOR STUDYING BONE INGROWTH AND REMODELING

by

Praphulla K. Bajpai

Two different ceramics were used in developing ceramic and
organic acid composites for repairing traumatized bone and
(eventually) studying bone remodeling. Composites of tricalcium
phosphate (TCP) and polyfunctional acids (keto-glutaric acid and malic
acid) with and without calcium hydroxide were developed for conducting
studles in rats. Among the tricalcium organic acid composites
studied, TCP, malic acid, and calcium hydroxide composites had the
best setting and hardness properties. These composites also
maintained an alkaline pH (ideal for bone growth) in &- aqueous
environment. Plugs of previously set composites of aluminum calcium
phosphorous oxide (ALCAP), malic acid, and calcium hydroxide, as well
as powders of composites set immediately before implantation, were
used for repairing traumatized left femurs and L-4 vertebrae in 12
rhesus monkeys. Radiographs and scanning electron micrographs of
repaired sites showed that the composites implanted in the bone were
compatible with the surrounding tissue. Blood chemistry data obtained
at the time of physical examination and euthanasia of 4 monkeys
implanted for 4 weeks with the composites indicated that the the
ALCAP-organic acid composites did not cause any adverse effects in the

implanted animals.
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I. INTRODUCTION:

Besides being subject to maxillofacial and orthopaedic injuries, air
crew personnel are especially prone to vertebral column injuries and,
in particular, anterior wedge fractures (T4-T7 and Tll_Ll) during
ejection from the aircraft (1). Recently, my 1laboratory developed
both totally and partially resorbable ceramic composites for use 1in
repair of traumatized bone. These include aluminum calcium phosphate
(ALCAP), and tricalcium phosphate (TCP) composites of organic acids
with and without 1,25 dihydrocholecalciferol (DHCC) or with and
without calcium hydroxide (2). These ceramic-organic acid composites
can fill the bone defect, set to hardness, and provide a scaffold for

ingrowth of new bone (2).

Bone resorption and formation occurs in pockets in normal bone and,
according to Hori and Takahashi (3), bone remodeling occurs by an
"on-off" mechanism. It is obvious that unless the events within a
particular bone are synchronized, interpretation of the remodeling
process can become quite difficult. However, synthetic bone
substitutes, such as ceramic composites, can provide a zero baseline
for studying bone ingrowth and remodeling. This procedure, if
successful, probably can validate the "on-off" mechanism and explain
the data obtained from on-going and completed studies at BBD on the
effects of prolonged vibration and mechanical stress on remodeling of
bone. Use of synthetic bone substitutes to replace traumatized bone
has already been approved for dental and maxillofacial surgeries and

is in orthopaedic clinical trials.
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I1. OBJECTIVES OF¥ THE RESEARCH EFFORT:
The specific objectives of this investigation were to:

a. Synthesize tricalcium phosphate (TCP), make ceramic composites of
TCP, polyfunctional carboxylic acids (ketoglutaric or malic acid) with
or without calcium hydroxide and/or 1, 25 dihydrocholecalciferol
(active form of vitamin-D), and test the characteristics of the

composites.

b. Synthesize aluminum calcium phosphorous oxide particles, form
composites with malic acid and calcium hydroxide, test for the
characteristics of the composite pre and post implantation in monkeys,

and observe the effects of its implantation in monkeys.
III. MATERIALS AND METHODS:

a. Tricalcium Phosphate (TCP) Studies.

I. Preparation of TCP and its Composites.,

The TCP used in this study was prepared by an aqueous precipitation
and sulf ate catalysis procedure (4). The theoretical
calcium/phosphorous ratio of 1.5 for TCP was used in preparing the
reaction solutions. After centrifugation, the precipitate was dried
at 75°C and sintered in alumina crucibles by heating at a rate of 9°¢
per minute to 1150°C in a microprocessor-controlled high temperature
furnace (Thermolyne Inc., Dubuque, 10). Sintering was completed by
soaking the precipitate at 1150°C for one hour and then air quenching
it to room temperature. Large pieces of the dried precipitate sludge

were broken up before sintering to aid in the rapid air quenching of
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the material.

The sintered precipitate was crushed and ground in a laboratory-scale
alumina ball mill apparatus and screened to the desired -400 mesh (-37
um) on a Tyler Ro-Tap Automatic Siever. X-ray diffraction performed
on several batches of TCP prepared for this study indicated that the

sintered precipitate was pure beta tricalcium phosphate.

Composites of TCP were prepared by mixing 133.3 mg of TCP and 30.0 mg
calcium hydroxide with 66.7 mg of either ketoglutaric acid or malic
acid. For studying the effects of 1-25 dihydrocholecalciferol, 50 mg
of DHCC was added to TCP and ketoglutaric or malic acid composites of

TCP.

IT. Satting and Hardness of TCP Composites.

Tricalcium phosphate (200 mg) or tricalcium phosphate composite
powders (230 to 287.5mg) were placed in a deep well slide. The
setting and hardening of TCP or TCP composite dry powders were
initiated by adding and mixing in 60 ul of deionized water. Hardness
of the composite was tested by means of pushing on the set composite
by a steel probe. Triplicates of each powder were used for this
study. A rating of 1 was assigned to TCP or TCP composite powders
which did not set on addition of water. A rating of 5 was assigned to
set composites which developed the consistency of gum on addition of
water. If the composite, on addition of water attained a plaster-like
hardness, it was given a rating of 10. The hardness of each sample

was measured every 5 minutes for one hour and then at 24 hours.
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III. Effect of TCP and TCP Composites on pH of Saline.

Tricalcium phosphate or TCP composite dry powders were placed in 8 x 4
x 2mm flexible rubber molds and allowed to set and harden for 24 hours
after addition of 60 ul of deionized water. Each of the dried pellets
of TCP or TCP composites was then placed into a 3.3cm Spectrapor
standard dialysis bag. The ends of the dialysis bags containing the
pellets were folded and tied with silk thread. Each bag was then
placed into a 100 ml serum bottle containing 70ml sterile neutralized
saline (pH 7.02). The serum bottles were then placed into a 37°C
water bath oscillating at 75 cycles per minute. The pH of saline 1in
each bottle was measured at 1intervals of 1, 24, and 48 hours.
Triplicates of each pellet and saline controls were used for this

study.

b. Aluminum Calcium Phosphorous Oxide (ALCAP) Studies.

I. Fabrication of ALCAP Particles and its Composites.

Aluminum calcium phosphorous oxide (ALCAP) ceramic capsules were
fabricated by calcining a mixture of (50:34:16 by weight) aluminum
oxide, calcium oxide, and phosphorous pentoxide powders (Fisher
Scientific Co., Fairlawn, NJ) at 1315°C in a microprocessor regulated
high temperature furnace (Thermolyne Inc., Dubuque, I0) for 12 hours.
The calcined material was ground in a ball wmill (U.S. Stoneware,
Mahwah NJ) and sized using a Tyler Ro-Tap Automatic Siever to obtain
particles particles of less than 38um. Ceramic cylinders (green
shape) were prepared by compressing a mixture of one gram ceramic

particles and 0.025g polyvinyl alcohol (PVA, 60um particles) in a 5/16
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inch die at 1loads of 2275Kkg in a French cell press (American
Instrument Co., Silver Spring, MD). The green shape cylinders were
then sintered at 1400°C for 36 hours to increase the density and
mechanical strength of the ceramic. Sintered ceramic cylinders were
then ground in a ball mill and sieved to obtain ALCAP ceramic

particles of 45-60um.

Sintered ALCAP ceramic particles of 45-60um size were mixed with malic
acid in a ratio of 2:1. The ceramic-malic acid mixture was then mixed
with calcium hydroxide (15% by weight of the total composite). One
gram plugs of the ceramic, malic acid, and calcium hydroxide
composites were obtained by adding 200ul distilled water and
compressing the composite in a tuberculin syringe to expel excess
water. The plug was then extruded from the cut end of the syringe and
allowed to harden. The extruded and hardened composites were then
scraped with a scalpel blade to yield cylindrical plugs, each

measuring 3.5 x 10mm.
II. Animal and Blood Studies.

Blood was collected from each monkey prior to surgery, after injection
of the bone labelling dyes, and at the time of euthanasia. Blood
collected from each monkey on each occasion was analysed for albumin,
alkaline and acid phosphatase, aspartate aminotransferase, alanine
aminotransferase, bilirubin (total), blood urea nitro- .. (BUN),
calcium, carbon dioxide, chlorine, creatine, glucose, globulin,
phosphate, potassium, protein (total), sodium, uric acid, white blood
cells (total counts), red blood cells, hemoglobin, hematocrit, MCV,

MCH, MCHC, neutrophil, 1lymphocytes, monocytes, eosinophils, and
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basophils.

Each of the twelve rhesus monkeys used in this study was anesthetized
and prepared using established procedures for monkey surgeries at
AAMRL/VS by Dr. Cooper and his staff, The left femur and L-4 vertebra
were exposed by dissecting the muscles away from the bone with minimum
trauma. Holes were drilled in the two bones by means of a trephine
(3.5mm in diameter). A continuous jet of sterile saline on the
trephine was used to keep the trephine cool during the drilling of the
bones. The bone plugs removed from the vertebra and femur of each
monkey were saved for histopathologic and histomorphometric
examination. After removing the bone, each site was implanted with a
sterile pre-set and hardened plug. The top of the bone wound was then
troweled with freshly set sterile composite to insure continuity and a

tight fit.

TABLE 1

LABELING, IMPLANTATION, AND ANALYSIS.

L1 L2 L3 L4 LS L6 L7 L8 L9 L10O

B = Baseline L = Labeling 1 = Implementation E = Euthanasia

I1I, Histomorphometry and Radiography.

Histomorphometric procedures developed at AAMRL/BBD allow precise
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quantification of formation of new bone. Bone was labeled at the
times indicated in Table I (5). The 1labeling sequence involved an
alternating series of fluorochromes such as tetracyclines (L1),
xylenol orange (L2), and dicarbomethyl fluoroscein or DCAF (L3). To
show normal bone growth, initial labeling of bone was conducted two

weeks prior to implantation and again at implantation.

Radiographs of all 12 monkeys were taken one day after recovery from
surgery, while radiographs of 4 monkeys were taken again 4 weeks after

implantation of the composites at the time of euthanasia.
C. Scanning Electron Micrography.

Bones and surrounding tissues retrieved from each animal were frozen
in liquid nitrogen and processed for scanning electron micrography by
procedures used at AAMRL/BBD. A semiautomatic computerized video plan
was used to determine the area of each pore from the scanning electron
photomicrographs of hardened composites of both TCP and ALCAP with

organic acids and calcium hydroxide.
d. Statistics.

The data obtained was analyzed by means of analysis of variance and T

tests at P < 0.05., using computer programs.

IV. RESULTS AND DISCUSSION:

a. Tricalcium Phosphate and its Composites.

I. Setting and Hardness of TCP and TCP Composites.

Tricalcium phosphate alone did not set to hardness on addition of
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water (Figure 1). Since all composites hardened (maximum) in 20
minutes, only 20 minute data is shown in Figure 2. Composites of DHCC
and TCP, on addition of water, set and hardened to maximum hardness
after 20 minutes. However, they were brittle in nature and
disintegrated on prolonged exposure to air. Composites of TCP,
ketoglutaric acid and calcium hydroxide showed the fastest setting and
hardening time. These composites attained maximum hardness within 15
minutes. In comparison, composités of TCP, malic acid, and calcium
hydroxide showed a slower initial setting and hardening time.
However, these composites also attained maximum hardness within 15
minutes (Figure 1). Inclusion of DHCC enhanced the hardening time of
TCP, malic acid, and calcium hydroxide and decreased the hardening
time of TCP, ketoglutaric acid, and calcium hydroxide composites.
Scanning electron micrographs of hardened TCP composites showed that
the differences in the distribution of pores and pore sizes among the
different composites were not significant. Ten percent of the surface
of TCP composites was occupied by pores. The data on setting and
hardening properties of TCP composites suggest that addition of DHCC
alone is not desirable. Since composites of TCP, ketoglutaric acid or
malic acid, and calcium hydroxide with or without DHCC set and harden
within 15 minutes, it is obvious that these can be used within a short

period of time after mixing with water for repairing bone defects.
I1. Effect of TCP and TCP Composites on pH of Saline.

The data obtained on suspending TCP or TCP composites in neutralized
saline solution (pH 7.02) is shown in Figure 2. Since composites of

TCP with either ketoglutaric acid or malic acid 1lowered the pH of
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saline to 4.02-4.22, these composites, on implantation, are likely to
cause inflammatory responses in the initial stages. However, previous
studies using rabbits have shown that implantation of these composites
in traumatized tibiae allowed normal bone ingrowth. Addition of
calcium hydroxide to composites of TCP and organic acids rendered them
alkaline (Figure 2). According to Binderman and coworkers, an
alkaline pH environment encourages new bone growth (6). Addition of
DHCC to TCP, ketoglutaric acid or malic acid and calcium hydroxide
lowered the pH of the saline solution. This suggested that DHCC binds
with calcium hydroxide and allows the polyfunctional acids to exhibit
their acidity on suspension in neutralized saline (Figure 2).
Although such changes are subject to neutralization by the buffers of
the host, the in vitro data obtained in this investigation suggest

that addition of DHCC to the TCP composites may not be desirable.
b. Aluminum Calcium Phosphorous Oxide (ALCAP) Studies.
I. Implantation of ALCAP Compoéites in Monkeys.

Previous studies conducted in rats showed that dry powders of
ALCAP~malic acid composites acted as excellent hemostats on
application to experimentally induced bone wounds. Thus, powdered
composites of ALCAP, malic acid, and calcium hydroxide were used to
fill the drilled defects in the bones of monkey # 1. However, profuse
bleeding from the wound prevented the composite from setting and
hardening. To o?ercome this problem, the composite was set under
pressure in a tuberculin syringe and extruded from the cut end. This
composite, which hardened within 5 minutes, was used successfully as a

plug to fill the drilled defects. Dry powder and pastes of the
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composites were then applied to the wound to insure continuity and
tight fitting between the bone and the composite. In subsequent
surgeries the bleeding was stopped by manually applying a gauze with
pressure to the open wounds. On cessation of profuse bleeding, the
drilled holes in the bone were implanted with the composite plug and

pastes without any complications.

II. Blood Chemistry.

Statistical analysis of the blood chemistry parameters indicated that
the differences in total bilirubin content of plasma obtained at the 3
different intervals were significant. However, differences in plasma
total bilirubin level at the time of physical examination and post
implantation were not significant. Although all the wvalues obtained
for plasma total bilirubin were within the normal range, the plasma
total bilirubin 1levels of monkeys decreased significantly after
injection of the bone labeling dyes. Thus, it appears that these dyes
inhibit the normal breakdown of erythrocytes. Since differences 1in
all other parameters measured in the blood obtained from the three
different bleedings were not significant, it is 1logical to conclude
tkat implantation of composites of ALCAP, organic acid, and calcium
hydroxide in the bones of monkeys had no adverse effects on the

monkeys.

I1I. Histomorphometry and Radiography.

The tissues obtained for histomorphometry have been processed and
embedded in plastic for sectioning, staining, and analysis.

Radiographs of ALCAP composites in situ, one day and 4 week post
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implantation, showed that the composites did not induce inflammatory
response and provided continuity for ingrowth of endogenous bone

(Figures 3 and 4).

IV. Scanning Electron Micrographs.

Scanning electron photomicrographs of set and hardened composites
prior to implantation confirmed the porosity of the hardened
composite., Estimation of the number of pores on the surface of the
hardened composites indicated that only 47 of the surface contained
macropores. However, each of the macropores was more than [00um in
diameter (Figure 5a). Pore size of 100-400um are required for bone
ingrowth. Scanning electron photomicrographs of implantation sites, 4
weeks post implantation, showed apposition of the host tissue with the
composites and ingrowth of the host tissue within the ALCAP composites

(Figure 5b).

v. CONCLUSION:

The data obtained from tissue samples and blood chemistries indicated
that ALCAP composites of malic acid and calcium hydroxide are
biocompatible. The ALCAP composite is accepted by the host without
inducing inflammatory reaction and provides continuity for ingrowth of
bone. The successful use of ALCAP composites and the data obtained on
TCP composites indicates that TCP composites of organic acids and
calcium hydroxide can also be used effectively to repair bone and

study ingrowth and remodeling of bone.
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VI. RECOMMENDATIONS:

Since ALCAP composites can effectively repair traumatized bone and TCP
has already been approved by the FDA for use in dental and
maxillofacial surgeries and is in clinical trials for orthopaedic use,
evaluation of TCP composites must be conducted in animals (We are

planning to complete the study under the mini grant program).
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Figure 3. Radiographs of Rhesus monkey leg and spine showing ALCAP
composite in situ in left femur and vertebra one day post implantation.
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Figure 4. Radiographs of dissected femur and lower spine of Rhesus
monkey showing the remnants of ALCAP composite in the last vertebra and
bridging of the experimentally induced gap in the femur 4 weeks post
implantation.
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Figure 5. Scanning electron photomicrographs of hardened  ALCAP
composites. (a) Non~implanted composite showing two macropores (500 X).
(b). Composite impl: “ed for 4 weeks in the bome of a Rhesus monkey
showing ingrowth and ::position of host tissue.
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Invitro Cytotoxic Effects of Perfluorodecanoic Acid on Human

Peripheral Blood Lymphocytes

By

Shankar S. Bale

ABSTRACT

Cytotoxic effects of PFDA on human peripheral blood lymphocytes were
studied. Unstimulated cells were exposed to 0, 2, 4, 6, 8, and 16 ug/ml
of PFDA for 24 hours and analysed for cytotoxicity. PFDA at 6 ug/ml and
below did not cause any significant change in cells compared to controls.
Cells stimulated with mitogen were exposed to various concentrations of
PFDA. Cells grown in RPMI medium supplemented with fetal bovine serum
did not show any toxicity at the levels of PFDA used. However, the cells
grown in RPMI medium supplemented with Nutriodoma-HU showed toxicity at
all levels of PFDA. Cells were cultured in various media to determine
the cell proliferation. RPMI medium supplemented with fetal bovine serum
and Hana medium showed higher degree of cell proliferation compared to

the cells grown in other media.
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Introduction

Perfluorodecanoic acid is a perfluorocarboxylic acid that is readily
obtainable in crystalline form. Perfluorocarboxylic acids have found wide
use as lubricants, surfectants, and aqueous film forming foam fire extin-
guishants (Guenther and Vietor 1962, Shinoda and Nomura 1980).

Perfluorodecanoic acid (PFDA) causes acute toxicity in a variety of
rodent species (Anderson et.al., 1981). Many perfluorinated compounds are
chemically inert (Clark et al., 1973) and some perfluorinated compounds were
retained in experimental animals for significant time periods following
exposure (Clark et al., 1970). Perfluorinated compounds have been found in
the serum of fluorochemical workers (Ubel et al., 1980).

Perfluorinated fattyacids caused toxicity in both invivo and invitro
condiditions (Olson and Anderson 1983, Roger et al., 1982). The acute toxicity
of PFDA includes hypophagia, thymic atrophy, delayed lethality, disruption of
liver and testicular degeneration (Olson and Anderson 1983, Van Rafelghem et
al., 1982). PFDA had no effect on L5178Y cells below 50 ug/ml, and dose above
caused cell lysis (Roger et al., 1982). Flowcytometric analysis of L5178Y
cells treated with PFDA showed an increase in the number of polyploid cells
with the increase in the levels of PFDA (Wigler and Shah 1986).

Numerous reports have appeared with respect to the toxic effects of PFDA,
but assessment of its potential cytotoxicity appears to be incomplete. The
present study was made to elucidate the cytotoxic effects of PFDA on Human

Peripheral Blood Lymphocyte (HPBL) cells.
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APPROACH

Blood was collected by venipuncture from healthy individuals under aseptic
conditions. Equal volumes of blood and separacel was mixed and centrifuged at
3000 rpm for thirty minutes. After centrifugation monocyte layer was decanted

and washed with PBS-BSA twice and suspended in culture medium.

Cell Proliferation Assay:

For the cell proliferation assay, 1X106/m1 HPBL cells were placed in four
different media (RMPI + FBS, RPMI + Nutridoma-HU, RPMI + Ventrex, and Hana)
and 10 ul of phytohemaglutinin was added. One hundred microliters of cell
suspension form each medium was placed in each microwell of the 96 well plate
(8 wells/treatment). Cell controls and medium controls were prepared in
similar manner without mitogen. The microwell plate was incubatéd at 379C
in a carbon dioxide incubator for five days. After five days, 10 ul of MTT
(3-(4,5 dimethyl thiazol-2y1)-2, 5-diphenyl tetrazolium bromide) stock solution
(5mg/m1PBS) was added to each well and incubated for four hours. The dark blue
crystals were dissolved by adding acid isopropanol (150ul/well). The micro-

plates were read on a Titertek Plate reader set at a wavelength of 560nm.

Cytotoxicity Assay

1. Non Proliferating Cells:

HPBL cells were separated from the blood and suspendd in RPMI medium
supplemented with Nutridoma-HU. One (1) ml of cell suspension (1x106 cells/ml)
was placed in a multiwell plate (4 wells/treatment), and treated with 0, 2, 4,
6, 8, and 16 ug/ml of PFDA. Medium controls were set up in the similar manner

with the exception of cells. After 24 hours of treatment, 100 ul of cell sus-
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pension (8 wells/treatment) was placed in each well of the 96 well plate and

assayed for cytotoxicity using MTT.

2. Proliferating Cé]]s:

Pooled HPBL cells were split into half and suspended in RPMI supplemented
with FBS and RPMI + Nutridoma-HU. One (1) ml of cell suspension (2x106 cells/
ml) was placed in sterile tubes and 10 ul of phytohemaglutinin was added.

The cells were treated with 0, 8, 12, 16, and 20 ug/ml of PFDA and incubated
for 5 days. Medium controls were also prepared in the similar manner with

the exception of cells. After the treatment period, 100 ul of cell suspension
(8 wells/treatment) was placed in each well of the 96 micro well plate and

assayed for cytotoxicity using MTT.

RESULTS AND DISCUSSION

Mitogenic response of human peripheral blood lymphocytes is presented in
Table 1. Mitogen stimulated cells showed both an increase in the number of
formazan containing cells and an increased concentration of formazan compared
to unstimulated cells in all the media used. In the quatitative assay, un-
stimulated cells showed a 580nm 0.191-0.283 while those cells stimulated with
the mitogen showed an increased concentration of formazan, a 580nm 0.461-0.521
after five days of incubation.

In vitro assay of HPBL cells (unstimulated) treated with various concentra-
tions of PFDA is presented in Table 2. Cells treated with 2, 4, and 6 ug/ml of
PFDA did not differ significantly from controls. However, at 8 ug/ml and 16 ug/
ml PFDA caused cell lysis and cell death. The effect of PFDA increased with the
increase in level of PFDA.

Mitogen stimulated cells were treated with various concentrations of PFDA.

Cells grown in medium supplemented with FBS did not show any toxicity in all the
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concentrations of PFDA used (Table 3). The toxic effect of PFDA was evident in
cells grown in medium supplemented with Nutriodoma-HU, PFDA induced cell lysis
and death in all the concentrations used. The effect seems to be linear with
the increase in levels of PFDA.

It is evident from the results that PFDA did not cause toxicity in the
cells grown in FBS medium. However, toxicity was evident in cells grown in
serum substitute medium. Roger et al. (1982) have indicated that PFDA failed
to induce toxicity at concentrations lower than 100 ug/mi. Wigler and Shah
(1986) observed an increase of polyploid cells in PFDA treated cells indicated
that PFDA may block the Gy stage of the cell cycle.

It has been suggested that PFDA alters membrane function by changing both
oxidative status and fattyacid composition (Olson and Andarson 1983). The
toxic effects of perfluorinated compounds could be diminished by lowering
temperature and adding serum cell cultures. Serum albumin has been suggested
to provide greater protection against PFDA toxicity (Lévitt and Liss 1986).

The mechanism by which albumin diminished toxicity of PFDA js unclear at
present,

The effect of PFDA can be rapid in serum free medium or medium supplemented
with serum substitute. Cell swelling and lysis were observed in concentrations
of 8 ug/ml and higher. Such results suggest that PFDA disrupts the membrane,
supporting the earlier findings of Olson and Anderson (1983). PFDA did not
cause mutation and long term viability in cultured cells below their lethal dose
(Roger et al., 1982, Levitt and Liss 1986).

The cytotoxic effects of PFDA described in this study clearly indicates a need for
further investigation to determine the potential effects of PFDA on chromosomes,

protein and DNA content in mammalian cells.
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RECOMMENDATION

Cell culture systems allow more accurate quantitation of toxicity and
related reactions to chemicals than do animals. Ceéll culture systems can be
used in place of animals for assay the toxicity of chemical pollutants. How-
ever, it is necessary to develop techniques that will provide accuracy of

measuring toxicity which can be extrapolated to animals and humans.
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Table 1. MTT assay of HPBL cells cultured in different media.

Medium Unstimulated Stimulated Proliferation Rate
Cells* (B) Cells* (A) (A-8)

RPMI + FBS 0.191 0.461 0.270

RPMI + Nutridoma HU 0.236 0.409 0.173

RPMI + Ventrex 0.283 0.521 0.238

Hana 0.202 0.508 0.306

* Absorbancy Values (Average of eight wells)
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Table 2. MTT assay of unstimulated HPBL cells treated with various concentrations

of PFDA.
Concentration (ug/ml) Time - 24 hours*

0 0.365
2 0.313
4 0.233
6 0.238
8 0.164
16 0.070

*Absorbancy Values (Average of eight wells)
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Table 3. MTT assay of mitogen stimulated HPBL cells treated with various
concentrations of PFDA.

Medium Supplement Concentration (ug/ml) Time - 120 hours*

FBS 0 0.331
8 0.392
12 0.391
16 0.448
20 0.436

Nutridoma-HU 0 0.333
8 0.193
12 0.065
16 0.016
20 0.012

* Absorbancy Values (Average of eight wells)
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Auditory Modeling

by
C. David Covington
and

Michael K. Ellis

ABSTRACT

Several promising auditory models exist as reported in the litera-
ture, but they execute in different systems. We have ported two of
three chosen auditory mcdels to the Symbolics 1lisp machine. This
affords the advantage of direct comparison of output and permits a more
modular approach tc the auditory modeling problem. In addition with
all models residing in the powerful rapid-prototyping lisp environment,
the researcher can then conveniently apply model output to either
conventional pattern recognition algorithms or to more recently intro-
duced simulated neural network systems. This report also discusses our
efforts to develop a programming environment suitable to implement the
more promising neural network approacies as means of modeling postpro-

tess5ing by the brain on auditory periphery output in the human.
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1. INTRODUCTION:

The Air Force studies how humans process sounds to protect hearing in
high noise environments, to enhance audio quality in the cockpit, and
to disrupt enemy communication. A variety of auditory models have been
proposed and implemented, but these systems reside in different hard-
ware and thus are not directly comparable. 1In addition, cochlear
models are not readily available to researchers involved in speech
processing, and the simulations created to date often do not coincide

in the physical parameters estimated.

The inclusion of synchrony and active amplification phenomena gives
cochlear modeling a new appeal as means to improved speech processing
and represents acoustical transformations in the inner ear that cannot
be adequately captured in simple filter bank models. in particular,
speech recognition should benefit significantly from the analysis of

both time proven and novel cochlear models.

This work serves to unify modeling efforts in an attempt to 1) provide
an improved perspective of the underlying processes in the human speech
perception system, 2) modularize existing simulation algorithms of
individual _rocessing steps in the middle and inner ear, and 3) create
a platform providing appropriate 1nput to both traditicnal pattern
recognition algorithms and more nove! approaches such as those avail-

able frcem the emerging body of simulated neural network techniques.
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I1. OBJECTIVES OF THE RESEARCY EFFORT:

This report outlines the reimplementation of three promising cochlear
models on a Symbolics lisp machine. This approach provides the aadvan-
tage of direct comparison of output with identical simulation input and
serves to merge efforts in the field of cochlear modeling with improvea
commonality and portability. This also opens up the possibility of
mixing the various modules in the chosen models in order to compare

results at a lower level,

Our assignment as participants 1in the 1988 Summer Faculty Research
Program {(SFRP) was to accomplish as much meaningful work as possible
toward the implementation of the three chosen auditory mode.s listed
below. We did successfuily implement two of the systems, concentrating
our efforts at the end of the project on delivering completed software
packages rather than to introduce a new model. 1In addition Mike worked
primarily on implementing programming environments for future exper-

iments involving artificial neural network simulations on model output.

The following sections review work accomplished toward the reimplenta-
tion of the three chosen models, specifically those by Seneff (1988),
Payton (1988), and Lyon (1988). Seneff's model focuses primarily on
matching neural firing rate data without specifically attempting to
model internal physical processing mechanisms. Payton's model builds
on work initiated by Allen and Sondhi (1979) on cochlear mechanics ang
includes a separate synaptic transduction model. The model by Lvon
relies heavily on active filtering, but no attempt was made to predict

neural firing patterns. These models incorporate a variety of nonli-
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near effects which cannot be reduced to simple harmonic analysis or

linear prediction.

LIL. SENEFF MODEL:

Dr. Seneff of MIT graciously provided prototype lisp source code for
her auditory model. We successfully operated the system after some
additional programming effort, primarily to uncomment some required
sections of code and to activate the remote FPS array processor fea-
ture. Seneff's model operates as an attachment to the Speech and
Phonetic Integrated Research Environment (SPIRE) system provided by
MIT. The user activates this model by creating a new display in SPIRE

by selecting it from the display menu.

This model does not provide physioclogically significant parameters as
intermediate variables, but rather concentrates on providing output
data in a form suitable for speech recoygnition. The system represents
the output in matrix form as a time sampled vector and displays the
results of several forms on the Symbolics screen: critical band filter
outputs, hair cell outputs, synchrony model outputs, and a synchrony

spectrograin.

Since SPIRE represents a complete user interface with many inherent
features we decided tc make SPIRE the default display system for all
models reilmplemented on the Symbolics. We subsequently expended
constderable etfort to understand how to extend SPIRE to incorporate

new [eatures using internal SPIRE macro calls.
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1v. PAYTON MODEL:

After gaining a cursory understanding of how Payton's model functions,
we obtained the FCRTRAN source code and proceeded to translate the
system to lisp. This proceeded fairly smoothly until we encountered
major numerical accuracy problems in trying to use the array processor
for basilar membrane displacement computations. Payton computed all
parameters in her model using double precision floating point in
FORTRAN. The FPS-100 array processor functions only in single preci-
sion arithmetic, so we reimplemented the entire system to perform all
computation in lisp. This allowed us to run the system in double
precision and permits us to port the system to our Texas Instruments

Explorer lisp machines at the Unversity of Arkansas.

In a subsegquent conversation with Jont Allen of Bell Labs, we learned
that the critical computation is the accurate determination of the
transform of g(x) in the denominator of the kernal expression for the
basilar membrane model. Inaccuracies 1in the denominator dominate
errors encotntered in model output. Fortunately, this needs to be
computed only once. The numerator expression must be determined at
every time increment, which in our case was a maximum of five microse-

conds.

After obtaining satisfactory model performance, we created raster-line
SPIRE displays to represent the model output graphically. Currently
the system operates by creating SPIRE utterances consisting of syn-
thetic acoustic patterns, the simplest being the impulse and sine

waves. The lisp Payton model also processes standard SEIRE utterances
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and tnus interfaces well with existing Air Force darabases.

The Payton model produces physically significant intermediate resuits
and thus we created SPIRE displays corresponding to these forms.
Currently the middle ear model and the basilar membrane model outputs

can be displayed.

V. LYON MODEL:

We gained an understanding of the Lyon model and hope to implement this
system as part of the follow-on effort. Time d1d not permit us to
perform satisfactorily on the first twoc systems and begin work on this
third model as well. We do not anticlpate that this mogel will require
as much effort as the Payton model since it does not solve different:ial
equations directly, ané it makes no attempt to model synaptic behavior,
only reporting membrane displacement as output. This system simply
models the basilar membrane as a cascade of slightly underdamped

lowpass filters.

VI, NEURAL NETWORKS:

As part of our project we developed a simulated neurai network program-
ming envircnment as means of processing auditory model output in
similar fashion te the human brain. Some networks recognize predeter-
mined speech categories while others determine suitable recognition
classes automatically. 1In any case, all networks accept training data
in <(rder to determine a set of numbers cailed weights assoclatecd with

eacnh netwcrk node. Thus neural networks learn slowly by repeated
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example and also offer tne aavantage of parallel execution once the

network weights have been determined.

In order to relate our results to established neural network tech-
nigques, we implemented six standard neural network prototypes: the
tioptield net, the Hamming net, the Carpenter/Grossberg classifier, the
single Ltayer perceptron, the multi-layer perceptron, and Kohonen's
selt-corganizing feature map. This permited us to experience {irst-hand
some of tLhe problems identified by other researchers with particular
networks. For example, the multi-layer perceptron requires large
initjal weights in order to adapt satisfactorily, and individual node
declsion boundaries gravitate toward the origin when the decision

region is otfset trom the origin.

We additionally spent a great deal of time probing into the inner
workings of P3, a generalized neural network simulation language
written in lisp by 2Zipser and Rabin of UCSD. While P3 is robust in its
graphic user interface, we found it to become »urdensome for larger
networks and ran into problems with errors in the history recorder code

which caused us to abandon this approach.

We ultimately modified our own multi-layer perceptron code to accept
SPIRE utterances as input data and used a (50 20 50) size identity-
mapped network to produce slightly noisy but clearly identifiable
speech at the output after some 300,000 training passes. The (50 20
50) notation impiies 50 input nodes, 50 output nodes, and 20 intermedi-
ate hidden nodes. Intentity-mapping provides means of automatically

identifying significant underlying features by examining the reaction

110-9

*—'-'-'-'--lllllllllIlIlIllllllllIlIlIIIIIIIIIIIIIIIIIIIIIIIII>IlIIIIIIIIIIIIIIIIIIIIIIIJ




of the small number of intermediate nodes when standard speech classes

are applied to the network.

VII. RECOMMENDATIONS:

a. Porting a variety of successful auditory models to common software
affords a tremendous capability in terms of deciaing how best to
represent the human auditory process and to further utilyze the best
model configuration to obtain a more accurate perspective into the
speech perception process. This also provides a basis to compare
component modules in various systems to gauge accuracy in representing

the biological system.

b. The speed with which the various auditory models execute is
important. Both models implemented execute slowly enocugh that the user
will not request the computation and wait, but rather an overnight
batch job approach must be taken and results saved for future manipula-
tion and display. The tradeoffs depend on available comp..ational
resources and available memory to store results online for an entire

library of utterances.

Payton's model will not run fast enough in pure lisp to operate even in
patch mode. The solution includes either 1) using the original double
precision FORTRAN on the faster MicroVax and moving data across
machines or 2) renewing the effort to utilyze the array processor to
counpute wembrane displacement now that we know how to perform this

computation in single precision.
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o. The nodels as they stand represent a great start but are far from
complete. Much work remains to be done, but the results obtained at
this writing are encouraging that the work is meaningful and tractable.

We hope to finish the third model in the follow-on effort.

d. The neural network simulation language P3 while very powerful and
flexible, represents overkill for the task at hand and still incorpo-
rates a number of bugs, particularly in the history recorder. We
recormend the use of our own code already delivered for reasons of

efficiency, simplicity, and extensibility.
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Cognitive Demands of Tracking Strategies as

Assessed by the Optimum-Maximuw Procedure

by
Barry P. Goettl

ABSTRACT

Twenty subjects performed two compensatory first order
tracking tasks concurrently while using either a double
impulse strategy or a continuous strategy. The cognitive
load of either task was increased by changing the control
dynamics to second order. Attention allocation was
manipulated using Navon's (1985) optimum-maximum procedure.
Results indicated that subjects using the continuous
strategy were more adversely effected by increased cognitive
demands than subjects using the impulse strategy. This
result suggests that the continuous strategy draws more
heavily from central processing resources than does the
impulse strategy. Also, subjects showed only limited trade-
off between the two tasks. This finding has major
implications for a multiple resources theory of attention.
However, several problems with the optimum-maximum procedure

were identified and discussed.
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I, INTRODUCTION:

Wwhen controlling a dynamic system that has high order
control dynamics, such as a high performance aircraft, the
human operator can use different strategies of control. One
strategy, referred to in this report as the double impulse
strategy, emphasizes low position error. Deviations from
the desired position are reduced rapidly by large, jerky
control inputs. The strategy is exemplified by the task of
landing an aircraft where the pilot's primary objective is
to maintain the proper glide path. The bumpy ride often
experienced during landings arises from the rapid, non-
linear control movements of the double impulse strategy.

A second strategy, referred to here as the continuous
or smooth ride strategy, emphasizes minimal velocity error.
Control inputs are small, linear, and subtle,. The
continuous strategy is typical of smooth level flight where
passenger comfort is more critical to performance than is
maintaining the proper glide path. Deviations from the
command flight path are corrected gradually and smoothly to
insure passenger comfort.

Many cockpit design decisions such as crew size,
display format, and task assignment are based on estimations
of pilot workload. Factors such as the number of tasks
performed and the display <configuration of those tasks

influence cognitive workload. If strategy also influences
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cognitive workload, then it too must be considered in making
design decisions. Questions addressed by this research

effort include whether different tracking strategies have

different cognitive demands and what those differences are.

The goal of the Workload and Ergonomics Laboratory of
the Human Engineering division (HEG) of Armstrong Aerospace
Medical Research Laboratory (AAMRL) is to investigate pilot
workload demands. The Workload and Ergonomics Laboratory
has developed several subjective and performance based
measures of workload and has researched several different
subjective, performance, and physiological measures of
workload.

My past research interests have been in the area of
multiple resources theory of attention and its applications.
I have also beeﬁ interested in tracking strategies.
Research I have done on tracking strategy attempted to
assess the cognitive demands of the two strategies described
above by combining a tracking task, using one of the two
strategies, with various cognitive tasks. This research
suggested that the different strategies placed different
demands on the subject. This research, as well as my
research in the area of multiple resources theory,
contributed to my selection by HEG for this project,

I1. OBJECTIVES OF THE RESEARCH EFFORT:

One objective was to continue previous research on

tracking strategies. Evidence suggests that the two

111-5




strategies differ in cognitive demands. For example, Young
and Miery (1965) argue that the impulse strategy is less
cognitively demanding than the continuous strategy. Young
and Miery make the observation that humans tend to adopt the
impulse strategy when tracking systems with higher order
dynamics. Hess (1979) demonstrates that the impulse
strategy is a means of reduced the mathematical computations
required in tracking second order systems.

However, the impulse strategy has not always been found
to be less cognitively demanding than the  c¢ontinuous
strategy. Goettl and Wickens (1984) had subjects perform a
second order tracking task wusing the impulse strategy on
some trials and the continuous strategy on other trials.
Various memory tasks were performed along with the tracking
task to tap the type and amount the attentional resources
demanded by each strategy. They predicted that the
continuous strategy wculd demand more resources than the
impulse strategy and would therefore interfere more with the
memory tasks than would the impulse strategy. Per formance
on the memory tasks did decline when the continuous strategy
was used, but this decline was accompanied by an improvement
in tracking performance. Thus, strategy seemed to influence
attention allocation rather than processing efficiency.
That is, when using the continuous strategy subjects devoted
more attention to the tracking task than when using the

impulse strategy.
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It was of interest to further investigate the cognitive
demands of strategy in 1light of the conflicting findings
discussed above, Do strategies really differ in demands?
If the continuous tracking strategy draws more heavily from
central processing resources than the impulse strategy, then
when the central processing demands of a concurrent task are
increased, the continuous strategy will result in greater
decrements than will the impulse strategy. The first
objective of this project was to investigate the processing
demands of tracking strategies using this logic.

The second objective resulted from discussions with my
focal point, Dr. Michael Vidulich. He has become interested
in recent criticisms of dual task methodology (Navon, 1984,
1985). Navon argues that the procedure of variable resource
allocation, commonly used in dual task experiments, imposes
demand characteristics on the subject. The data from such
experiments, according to Navon, reflect the subjects'
willingness to follow instructions rather than the amount of
resources consumed by the tasks.

The method of wvariable resource allocation for
assessing cognitive demands is based on Wickens (1980; 1984)
multiple resources theory of attention. Wickens theorizes
that there are several different kinds of processing
resources. For example, central processing resources, used
for processing and holding stimuli in memory, are

distinguished from response resources required for selecting
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and executing responses.

The amount and type of resources demanded by a task can
be determined by pairing the task in question with various
other tasks. The performance changes on one task, resulting
from changes on the concurrent task, indicate the resource
demands of the first task. If two concurrent tasks demand
different resources, they will be time-shared easily.
However, if the two tasks require similar resources, then
they will compete for those limited resources. The result
is a reduction 1in performance. Moreover, when similar
resources are demanded by both tasks and the difficulty of
one task increases, resources from the other task can be
recruited to maintain performance on the more difficult
task. This trade~off between similar resources underlies
the logic of the variable resource allocation method. With
this procedure, a task of primary interest (Task A) 1is
performed with several loading tasks (Tasks B & c).
Allocation policy is manipulated by instructing subjects to
allocate attention to the two tasks in specific ratios.
Sometimes the task of interest is emphasized (e.g. 79% to
task A and 30% to task B), sometimes the loading task is
emphasized (e.g. 390% to task A and 792% to task B). If the
two tasks share common resources, then performance will
trade-off; one task will improve while the other declines.
However, if the tasks do not share common resources, then

per formance will not trade-off. Note that with this
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procedure a level of effort is specified for both tasks.

Navon proposes an alternative method which he calls the
Optimum-Maximum procedure. With this procedure the amount
of effort is specified for only one task (optimized task);:
the other task must be performed as well as possible
({maximized task). The amount of effort specified for the
optimized task varies over trials. Per formance on the
maximized task is assumed to reflect the resources available
when the optimized task is performed at the specified level.
For example, if a high level of effort is specified for the
optimized task, then fewer resources will be available for
the maximized task and performance will be poor. Navon
argues that this method reduces demand characteristics since
performance levels are not specified for both tasks.

Using the optimum~maximum procedure with two concurrent
verbal tasks, Navon (1985) showed that subjects do not
trade-off. This result is problematic for multiple
rescurces theory since this theory predicts that two verbal
tasks should trade-off. One potential explanation for the
failure to find a trade-off 1is that Navon's verbal tasks
were discrete rather than continuous. Discrete tasks may
allow for attention switching which could reduce trade-off
effects. Thus, the second objective of the present research
is to provide a more critical test of Navon's criticisms by
employing the optimum-maximum procedure on two continuous

tracking tasks.
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ITIT. APPROACH:

Both objectives were served by a single approach; the
following experiment was conducted. Subjects performed two
tracking tasks concurrently. One task was oriented
vertically and performed with the 1left hand, the other was
oriented horizontally and performed by the right hand. Half
of the subjects used the impulse strategy and half used the
continuous strategy. Cognitive difficulty of the two tasks
was manipulated to determine which strategy was more
demanding. In addition, attention allocation was
manipulated using Navon's optimum-maximum procedure to
address the issue of resource trade-off.

The subject's task was to keep two cursors, one moving
horizontally and one moving vertically, as close as possible
to a red cross in the center of a display. Two Measurement
Systems 541 Joysticks, interfaced with a Zenith 158 computer
via a Systems Research Laboratory Labpack board, were used
to control the cursors.,

Tracking strategy was manipulated between groups. One
group, consisting of 7 males and three females performed
tracking tasks with the impulse strategy. The other group,
6 males and 4 females, used the continuous strategy.
Subjects in the impulse group were instructed to reduce
errors as rapidly as possible by making large, rapid stick
deflections. Subjects 1in the continuous group were

instructed to minimize errors but also to "give the cursor a
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smooth ride" by applying small smooth control stick
movements.

The tracking task dynamics were manipulated to assess
the cognitive demands of the strategies. Increasing the
control dynamics from 1lst to 2nd order is assumed to
increase the central processing 1load of the tracking task.
Since the continuous tracking strategy is assumed to demand
more central processing resources than the impulse strategy,
subjects wusing the continuous strategy should be more
effected by the increased load than impulse subjects.

To address the criticisms of Navon, the optimum-maximum
procedure was used. On all experimental trials, Subjects
were asked to optimize either the horizontal task or the
vertical task while maximizing the other task. The
following four optimization levels were used: (1) X - 1 s.d.
(the mean minus 1 standard deviation), (2) X, (3) X + 1
s.d., and (4) single task performance. Across trials,
subjects optimized the vertical task at all four levels then
the horizontal task at all four 1levels (half the subjects
received the opposite assignment).

IV, RESULTS:

The first step in the analysis was to verify that
subjects actually used the proper strategies. Since the
double impulse strategy entails large, rapid, and non-linear
control stick movements, average control stick velocity is

predicted to be higher for the impulse group than for the
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continuous group. Control stick velocities were collected
for all dual task trials and submitted to a 2x3x2 ANOVA
(strategy x Dual Task Configuration x Tracking Hand). The
mean velocity for the impulse strategy group was much larger
than that for the continuous strategy group: .198 versus
.G6é for the impulse and continuous groups respectively.
This difference was statistically significant
(F(1,18)=45.72, p<.0l) and is consistent with the conclusion
that subjects used the proper strategies.

The second step was to evaluate the cognitive demands
of the two strategies, To address this question,
per formance measures, Root Mean Square (RMS) tracking error,
on the lst order-maximized tasks were analyzed. Cognitive
load is assessed by observing the change in performance on a
first order tracking task as the other task changes from
first to second order. Because subjects were instructed to
maintain specific performance levels on the optimized task,
cognitive lcad is more readily assessed by performance on
the maximized tasks. Since the continuous strategy 1is
assumed to draw more heavily from the central processing
resources than does the impulse strategy, the continuous
tracking group should show a 1larger load effect than the
impulse group.

RMS error scores on the maximized tasks are shown in
Table 1. These data were submitted to a 2 (Strategy) x 2

({Load) x 2 (Task) Mixed design ANOVA, The analysis revealed
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Strategy Impulse Continuous

Task H1 vl H1 vl

Concurrent Task 1st .122 .143 .159 . 168
Contreol Dynamics 2nd 121 .150 .168 . 195
Difference .001 -.207 -.009 -. 0227

Table 1. Mean RMS tracking error scores on first order

tasks as a function of control dynamics on the concurrent

task.
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a statistically significant Load x Strategy interaction
(F(i,18)=4.53, p<.@5). Upon closer analysis, the continuous
group showed a significant simple main effect of Load
(F(1,9)=7.63, p<.05), while the impulse group did not
(F{(1,9)=2.79, p>.12). Thus, the continuous tracking group
showed a larger effect of 1load than did the impulse group.
This finding 1is consistent with the conclusion that the
continuous strategy places greater demands on central
processing resources does the impulse strategy. That the
effect only occurs with maximized data and not optimized
data suggests that subjects were complying with instructions
to maintain the optimized task at the specified levels as
the dynamics of the concurrent task were manipulated.

The second objective of the study was to determine if

resources trade-offs could be observed using Navon's
optimum-maximum procedure. This was the next step in the
analysis. Performance data are plotted in Figure 1. This

figure presents normalized RMS tracking error for the
vertical task (y-axis) as a function of normalized RMS error
for the horizontal task (x-axis) for the three dual task
configurations: (a) Hlvl, (b) H1v2, and (c) H2V]. Solid
points connected by a solid 1line indicates trials in which
the horizontal task was optimized, while open circles with
dashed lines indicate trials in which the vertical task was
optimized. Single task performance scores are indicated on

the x and y axes.
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First, performance scores for the optimized task were
submitted to 2 x 2 x 4 MANOVAs (Strategy x Task x
Optimization Level): a separate MANOVA for each dual task
configuration. All three MANOVAs revealed a significant
main effect of Optimization Level as estimated by Wilke's
criterion F-test: F(3,16)=23.42, p<.21 for H1Vl,
F(3,16)=45.75, p<.981 for H1lV2, and F(3,16)=24.91, p<.91 for
H2V1, These analyses indicate that optimization
instructions influenced performance on the optimized task.
As expected, Subjects performed best when optimizing at the
single task level, and worst when optimizing below the mean.
Once it has been established that performance on the
optimized task changes according to instructions, tréde-cff
effects are tested by testing for changes on the maximized
task.

Performance scores on the maximized tasks were submitted
to 2 x 2 x 4 MANOVAs as described above. A main effect of
Level was found only for H1lVl and H2vl dual task
configurations: F(3,16)=4,79, p<.25, and F{3,16)=5.44,
p<.0P1, respectively. The third dual task configuration,
H1v2, did not show a Level main effect, however, it did show
a marginally significant Level x Strategy interaction
(F(3,16)=3.02, p=.96). Thus, there does appear to be some
performance trade-offs, although the size of the trade-off
is not wvery impressive, nor <consistent. Analysis of

orthogonal contrasts revealed that the trade~offs occur only
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at extreme levels of optimization. For example, H2V1 showed
a significant contrast between optimizing at the single task
level and the average of the remaining three levels
(F(1,18)=18.07, p<.01).

Thus, for the most part, the data seem to support
Navon's predictions, except at extreme levels of
optimization. The weak trade-off effect was surprising since
it seems to contradict multiple resources predictions which
have dominated the literature for years. However, several
issues remain and will be discussed in the following
section.

V. RECOMMENDATIONS:

This project was successful in accomplishing its major
objectives, Differences 1in the cognitive demands of
tracking strategies were obtained and trade-off issues were
investigated. In spite of these accomplishments, this
project represents a starting point. Serving as a
preliminary investigation of several issues, many questions
remain. The major accomplishments are described below along
with recommendations for follow=-up research,

The primary objective was to demonstrate differences in
the cognitive demands of different tracking strategies.
This was accomplished by having human subjects perform two
concurrent tracking tasks with either strategy as attention
allocation, and task difficulty were manipulated. As

predicted, the continuous strategy seemed to draw more
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heavily from central processing resources. Subjects using
this strategy showed 1larger decrements resulting from
increased demands for central processing resources than did
subjects using the impulse strategy.

It is recommended that future research be directed at
demonstrating load effects for the impulse strategy. Cne
potential criticism of the present research 1is that,
because subjects could not track as well with the continuous
strategy, the larger decrements may have been due to the
greater difficulty associated with this strategy rather than
demands for central processing resources. Since the impulse
strategy is assumed to demand response related resources,
confidence in the present results would be increased by
demonstrating decrements with the impulse strategy resulting
from increased demands for response resources,

The second objective was to address criticisms of the
variable allocation procedure in dual task experiments. A
procedure suggested by Navon was used 1in an attempt to
demonstrate trade-off effects between two concurrent
tracking tasks. Only 1limited trade-off effects were
obtained., Assuming it can be replicated, this result is an
important contribution to research on human attention and
challenges a major theory of attention.

Future research on this topic would be best served by
replication of the present findings and a close evaluation

of three issues that remain unanswered. First, a multiple
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resource prediction can be given for the present results if
it is assumed that subjects recruit general resources to
deal with the demands of optimization. These additional
resources, perhaps subjectively experienced as increased
effort, may be used to maintain performance on the maximized
task. Second, although subjects did not show strong trade-~
offs, they were unable to perform the maximized task at
single task levels. In other words, there were performance
costs associated with dual task performance. These costs
can be interpreted as either resource competition or outcome
conflicts. Third, the present experiment uncovered several
potential problems with the optimum-maximum procedure.

The optimum-maximum procedure requires on-line feedback
displays and thus adds the additional task of self~
monitoring performance. The procedure assumes that the
additional task of monitoring is equally demanding in all
situations. Such an assumption may not be warranted.
Variable demands to monitor one's performance may be
confounded with optimization instructions. All these issues
are best addressed through experimentation and empirical

data.
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ABSTRACT

Evaluation of an Extraction Procedure
for the Analysis of Serum Steroids

by
Dr. Robert E. Masingale

and

Deborah J. Mitchell

ABSTRACT
Two methods are described for the screening, extraction and
confirmation of the free and conjugated steroids in rat serum.
It was demonstrated that a liquid-solid extraction technique combined
with a three-solvent extraction system allows for more expedient
sample preparation of the sterovids. These methods were evaluated by
screening for the presence of the following from sera: (1)
androstenedione, (2) corticosterone, (3) estradiol, and (4)
progesterone. Gas chromatographic/mass spectrometric analyses of the

derivatized products were performed to evaluate the two procedures.
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I. INTRODUCTION

Dr. Robert Masingale's research areas have included the isolation and study of
lipids and the LCAT reaction in the formation of cholesterol esters. He has
also urndertaken the organic synthesis of amino and azido substituted
nucleosides of certain nucleic acid bases with isosteric replacement of carbon
to be used as possible metabolic antagonists. More recently, Dr. Masingale
has studied hazardous waste disposal as it relates to the complete chemical

destruction of chemotherapeutic wastes as opposed to incineration.

Ms. Deborah Mitchell's research has included the development and evaluation of
new synthetic methods for preparing soluble mono and di-metallated
phthalonitriles, the precursor to the desired phthalocyanine catalyst. It was
the goal of this research to adjust the solubility of these compounds to a
desirable level for catalytic application and to gain an understanding of the
exact position of the substituents on the aromatic rings. Her experience as a
research associate in organic synthesis at the Argonne National Laboratory
contributed to her assigmment to the Naval Medical Research Institute

Toxicology Detachment.

The Toxicology Detachment of the Naval Medical Research Institute at
Wright-Patterson Air Force Base is particularly concernmed with the effect of
organophosphate-based hydraulic fluids on endocrinologic and reproductive
dysfunction in exposed rats. Recent toxicologic evaluations have shown that
exposure to the hydraulic fluid MIL~H-19457B (Latendresse, et al, unpublished

data), a phosphorylated petroleum distillate, resulted in testicular
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degeneration, adrenal, and ovarian changes in rats. In addition, testing of
the replacement fluid MIL~H-19457C resulted in similar adrenal and ovarian
lesions. Steroid hormone production occurs in cells of both the adrenal gland
and ovary and are affected by these hydraulic fluids. Therefore, a sensitive
means of determining steroid concentration levels would be of great use in the

screening, confirmation and quantitation of sera from exposed rats.

Steroids and steroid conjugates may be extracted from sera by appropriate
solvents or absorbent colums. These methods have provided the sensitivity
and speed required for measurement of physiological concentrations of steroid
hormones in small amounts of sample. Therefore it was the purpose of this
summer research project to develop the methodology for isolation and

quantitation of four steroid hormones from rat serum.

IT. OBJECTIVES OF THE RESEARCH EFFORT

Recent toxicologic evaluations of two triaryl phosphate-based Navy hydraulic
fluids have identified adrenccortical, ovarian and testicular lesions in
exposed rats. The adrenal gland and ovarian lesions were observed in rats
exposed to MIL-H-19457C which is primarily p-tertiary butyl phenyl phosphate,
a specific member of the triaryl phosphates. Furthermore, these studies
demonstrated altered reproductive cycles in female rats exposed to

this hydraulic fluid. These cbservations strongly suggest that some
phosphate-based hydraulic fluids may cause endocrinologic and reproductive

dysfunction in exposed rats.
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Additional investigations, most recently by the Naval Medical

Research Institute Toxicology Detachment and another laboratory in 1986, have
identified similar endocrinologic changes in rats and mice exposed to
tricresyl phosphate (TCP), ancther specific member of the triaryl phosphate
family of campounds. Parallel studies have shown severely depressed

reproductive capacity caused by TCP's in male and female rats and mice.

Abnormal steroid hormone levels appear to be a common factor among affected
adrenal and ovarian cells in rats exposed to MIL-H-19457C and TCP.
Preliminary investigations (Latendresse, unpublished data) have shown
increased serum estradiol concentrations with MIL-H-19457C and TCP exposed
test groups compared with controls. The lesions observed in selected steroid
producing cells are elevated serum estradiol levels and reproductive
dysfunction. It has been proposed that these biological effects may have

resulted from altered steroid metabolism.

In recent years, gas chromatographic and mass spectrometric (GC/MS) techniques
have been used to assay steroids in body fluids. The advantage of this
methodology over Radio Immunocassay (RIA) is the determination of profiles of
steroids and their metabolites from a single sample. These profiles should
assist in the elucidation of specific steroid producing pathways affected by

these toxins.

The purpose of the overall investigation is to assess stervid metabolism of
affected cells by examining metabolic steroid profiles in rats exposed to

MIL-H~19457C and tricresyl phosphate.




To obtain this evidence free and conjugated steroids were extracted from sera
of MIL-H-19457C and TCP exposed rats. Sep-pak c18 absorbent cartridges were

used for the separation and isolation of steroid conjugates.

The conjugates were hydrolyzed enzymatically using Sigma Type-I sulphatase and
beta-glucuronidase, further purified by Sep-pak C18 cartridges, and eluted
with the appropriate solvent system. Aan alternative procedure used in these

investigations utilized hydrochloric acid to hydrolyze steroid conjugates.

Our assigmment as participants in the Summer Faculty/Graduate Student Research
Program was to develop methodology to isolate the steroids androstenedione,
corticosterone, estradiol and progesterone from single samples of rat serum.
The steroids were derivatized using the reagents hexamethyldisilazane (HMDS)
and trimethylchlorosilane (TMCS). The derivatized steroids were assayed using
gas chromatographic and mass spectrometric analysis. These samples were
compared with authenic steroid standards found in the National Bureau of

Standards Mass Spectral Library.
ITI. MATERIALS AND METHODS
EXTRACTION

Solvents were of ACS reagent grade and distilled before use. Pyridine was
redistilled from potassium hydroxide. The fraction collected between
114°c-115°C was then stored in a brown bottle. Materials included Sep-pak C18

cartridges obtained from Waters Associates, Milford, Massachusetts. The
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authentic standards androstenedione, corticosterone, estradiol and
progesterone, and the enzymes beta-glucuronidase (type H-1 from Helix pomatia)
and sulphatase were all purchased from the Sigma Chemical Company. The
derivatization reagents Sigma Sil-A and methoxamine hydrochloride were also
purchased from Sigma. A Lab-Line shaker incubation bath, Trermolyne Dri-Bath
(Sybron), Buchi Rotavapor, Mettler balance, 50 ul pipettes, a 100 ml
round-bottom flask and 10 ml extraction tubes were used for sample

preparation. All other glassware was disposable.

DERIVATIZATION

To initiate the study, the Sigma steroids were derivatized to provide gas

chromatographic and mass spectral reference standards for analysis.
SILYL DERIVATIVES
ESTRADIOL. Dissolve 1.0 mg of the steroid in 1 ml redistilled pyridine
and add 200 ul Sigma Sil-A. Vortex one minute. ILet stand 20 minutes at
room temperature, centrifuge and analyze by GC/MS. (Pierce, 1968)
ANDROSTENEDIONE. Dissolve 1.0 my of the steroid in 1 ml redistilled
pyridine and add 2.0 mg methoxime HCl. Heat at 60°C for 2 hrs and allow

to stand at room temperature; examine by GC/MS.

PROGESTERONE. Same procedure as above is followed.
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METHOXIME AND SILYL DERIVATIVES

CORTICOSTERONE. Dissolve 1.0 mg of steroid in 1.0 ml of redistilled
pyridine and add 2.0 mg of methoxylamine HCl. Heat at 60°C for 2 hours.
Allow to stand for 2 hours at room temperature; then add 250 ul of Sigma
Sil-A (excess) to the mixture. Vortex and let stand again for 30
minutes. Centrifuge to remove the precipitate. Analyze by GC/MS. (Hara,

1966)

INSTRUMENTAL ANALYSIS

Analyses were performed on a Hewlett Packard 5895A Gas Chromatographic
Chemstation. The column used was 25m X 0.25mm ID fused silica capillary
column coated with 0.2 um film thickness of polydiphenyldimethylsiloxane. A
flame ionization detector was used with helium as the carrier gas with 1

ml/min flowrate.

A Finnigan 5100 Gas Chromatograph/Mass Spectrometer Data System was employed
for analysis in the electron impact mode. The column used was 25m x 0.25mm ID
bonded phase FSOT capillary column (#952525 Alltech and Associates), coated
with 0.2 um film thickness polydiphenyldimethylsiloxane. 1.0 ul splitless
injections were made with helium as the carrier gas. The injector temperature
was set at 200°C, transfer line at 280°C and mass analyzer 80°c. The
temperature program employed for rapid analyses was 50-280°C with a 20°¢ per
minute ramp. As it became evident that estradiol and androstenedi-ne were

nearly co—eluting, more elaborate oven ramp programs were tested to improve
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resolution of these steroids. A temperature program of 80°c-240°% at
20%c/minute, 240-280°C at 3°C/minute, and 280° for 5 minutes resolved the
derivatized estradiol, androstenedione, progesterone and corticosterone
recovered from a spiked serum sample. Normally, a 1:2 dilution of spiked

samples was prepared for injection.

IV. RESULTS

The extraction procedures employed for these experiments were adapted from

methods reported by Covey, et al.(1988), Shackleton(1980), and Sjovall (1965).

LIQUID~-SOLID (Sep—pak) EXTRACTION

A. 500 ul of rat serum was added to 5 ml of absolute alcohol at 60°C. The
solution was vortexed, centrifuged and the supernatant separated. The residue
as washed with an additional 5 ml of absolute ethanol. The alcchol extracts
were combined and evaporated under vacuum at 45°C. The residue was
reconstituted in 5 ml of deionized water and passed through a prepared Sep-pak
Cig cartridge, washed with 10 ml of water, then eluted with 5 ml 100%
methanol. The methanol was evaporated and the residue reconstituted in 10 mi
deionized water. It was then treated with 1 ml of 1:1
beta-glucuronidase/sul fatase enzymes and incubated at 37OC. After 48 hours,
the enzyme hydrolyzate was passed through a Sep-pak Cis cartridge and eluted
with 5 ml of methanol. The methanol was evaporated and the residue

reconstituted in 1 ml of pyridine. The methoxime and silyl derivatives were
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prepared as described previously. (Dray and Weliky, 1970; Pierce, 1968). No

steroids were found upon the GC/MS analysis of these samples.

B. A second experiment was carried ocut exactly as in A, except that the serum
sample was spiked with the Sigma standards androstenedione, corticosterone,
estradiol and progesterone. These steroids were cbserved in the GC/MS

analysis of the derivatized product.

C. 1 ml rat serum was diluted to 10 ml with 1.7 M HCl and incubated at 100°
for 3 hrs. The reaction was cooled to roam temperature, and spiked with 1 mg
of each steroid. To this, 20 ml acetonitrile, 8 ml n~hexane and 2 ml
methylene chloride were added. The solution was shaken on a vortex for five
mimites and centrifuged. The three layers were separated by pipette. The
acetonitrile layer was evaporated, the residue reconstituted in 2 ml of a 1:1
isopropyl/methanol mixture and passed through a Sep-pak C18 cartridge. The
first 5 ml of the 100% methanol eluant was evaporated and the residue
derivatized with methoxime hydrochloride and Sigma-Sil A. Androstenedione,

estradiol and progesterone were found upon analysis.

LIQUID-LIQUID (Three Solvent) EXTRACTION

A. 500 ul of rat serum was diluted to 10 ml with deionized water, and the pH
adjusted to 0.8 with concentrated H,S0,. This mixture was stirred overnight
at room temperature. The serum sample was then spiked with 1 mg each of
androstenedione, progesterone, corticosterone, and estradiol. 20 ml of

acetonitrile, 8 ml n-hexane and 2 ml methylene chloride were added. The
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solution was shaken vigorously for 5 mihutes with a mechanical shaker, then
centrifuged at 1500 rpm for 2 minutes. The solution separated into three
layers. The top n-hexane layer and the middle acetonitrile layer were
separated, and each evaporated under vacuum. Both residues were dissolved in
1 ml of pyridine, and attempts to prepare the methoxime and silyl derivatives
were made. The n-hexane residue contained no steroids on instrumental
analysis. Estradiol, androstenedione, and progesterone were found by GC/MS in

the acetonitrile layer.

B. 1 ml rat serum was added to 10 ml of absolute alcohol at 60°, centrifuged
and the supernatant separated. The residue was extracted once with 10 ml
absolute alcohol at 60°C. The extracts were combined and evaporated under
vacuum. The residue was reconstituted in 10 ml of 1.7 M HCl, and incubated at
100° for 3 hrs. After cooling to room temperature, the sample was spiked with
1 mg each of androstenedione, progesterone, estradiol and corticosterone. 20
ml acetonitrile, 8 ml n-hexane and 2 ml methylene chloride were added. The
solution was shaken vigorously for five minutes, and the acetonitrile layer
separated, evaporated and reconstituted in 1 ml pyridine. The pyridine
solution was treated with methoxime hydrochloride and Sigma Sil-A for

derivatization. GC-MS detected all four derivatized steroids.

V. COONCLUSIONS AND RECOMMENDATIONS

Liquid-liquid and liquid-solid procedures for extracting steroids trom rat
sera are described. Gas chromatography and gas chromatography with mass

spectrometry were employed for screening and confirmation. These methods
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proved successful in the analysis of sera samples spiked with the steroid
hormones. However, project efforts to detect physiological concentrations of
these stercoids have been unsuccessful. At the sample size tested, it appears
the instrumentation discussed here may not have had the sensitivity required
for evaluation of these hormones in rats. The literature indicates that
circulating steroids are in picogram per milliliter concentrations as
determined by Radio Immunoassay (Overpeck, 1978). The limited volume of serum
obtainable from a rat also contributed to the sensitivity problem. However,
it may be possible to pool serum samples and concentrate them to obtain the
1-5 parts per million threshold required by the Finnigan 5100 GC/MS. It
appears, therefore, that the procedures used in this study will require

additional refinements to reach appropriate detection thresholds.
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Performance in a3 Visual Monitoring Task

wi rial an imultan isplay Format
by
David G. Payne

ABSTRACT

Thirteen adults monitored either four or eight sets of three-digit
numbers that appeared on a computer monitor. These stimulus
items were labelled with an uppercase letter A - H and each
stimulus was paired with a unique response key. The stimulus
values were periodically incremented or decremented and the
subject’'s task was to respond whenever a value exceeded a
prespecified limit. In the simultaneous condition, all four (or eight)
number-letter combinations were presented concurrently in
spatially distinct locations. In the serial condition, each item was
presented individually in the same central location .8 seconds and
was then replaced by the next item in sequence. Results showed
that subjects responded more quickly in the serial condition than in
the simultaneous condition. Although subjects made more errors in
the serial condition, these error rates did not increase across trials,
even though the reaction times improved. These results indicate that
the rapid serial presentation format has the potential for yielding
better performance in visual supervisory monitoring tasks than does

the conventicnal (i.e., spatially distributed) display format.
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I. INTRODUCTION

The disciplines of human engineering and human factors are
concerned with the design and development of equipment and
systems that are compatible with the skills and limitations of the
human operator. One of the goals of researchers in these areas is to
improve the manner in which system information is presented to the
operator of the system. The Design Effectiveness Technology (DEf
Tech) Laboratory within the Armstrong Aerospace Medical Research
Laboratories (AAMRL) at Wright Patterson Air Force Base is
currently examining a new visual display technology that may
improve the presentation of information in the "glass cockpit” (i.e.,
CRT displayed information). This work has the potential for
dramatically improving the efficiency with which information may

be transferred to crew station personnel.

My background and training are in cognitive psychology and human
factors psychology. My research interests are in the areas of human
memory and attentional processes and person-machine interaction.
Recently, my graduate students and I have been investigating a
number of issues concerning the memorial and attentional demands
imposed on operators as they monitor visual displays in multitask
environments. My background in human information processing,
along with my ongoing visual display research, contributed to my

assignment to the DEf Tech Laboratory.
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II. OBJECTIVES OF THE RESEARCH EFFORT:

Research conducted in the DEf Tech Laboratory has compared
standard visual display technology with a new display technology
that offers the promise of increasing the efficiency of information
presentation in person-machine systems. This new display
technology involves rapidly presenting individual frames of
information in the same location on a computer monitor. Previous
studies by reading researchers have documented that a similar rapid
serial visual presentation (RSVP) technique can significantly improve
reading rates for prose passages. (see Potter, 1984 for a review of

the RSVP literature).

Whereas the RSVP technique requires the reader to integrate
information across successive display frames, the procedure being
studied in the Def Tech Laboratory involves the presentation of
discrete pieces of information, each of which constitutes a meaningful
item. In an early study Matin, Boff, and Donovan (1987) showed that
this rapid serial presentation format has the potential for efficiently
communicating such individual pieces of information. Based on these
findings, Matin et al. termed this serial presentation format "RAP

COM", for rapid communication.

The RAP COM display format can be compared to the traditional
spatial display format in which different pieces of information are
presented in spatially distinct locations. In a series of experiments

Matin, Boff, and their colleagues have compared the RAP COM display
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technology with the more standard spatial display format using a
variety of experimental tasks (e.g., Matin, Boff, & Donovan, 1987,
Matin & Boff, 1988; Osgood, Boff, & Donovan, 1988). The results of
these initial experiments have indicated that, at least with tasks that
require subjects to process short lists of items, the RAP COM format
is more efficient than the spatial format. For example, Matin et al.
(1987) compared a RAP COM condition with a Spatial condition using
a task that required subjects to report the identity of three digits
presented on a single trial. The presentation durations that were
required to produce 90% accuracy were significantly lower in the
RAP COM condition than in the spatial condition. In a second study
Osgood, Boff, and Donovan (1988) presented subjects with three sets
of digit pairs in either a RAP COM or a spatial format. The subject's
task was to respond whenever the number pairings did not
correspond to an odd-even ordering. Here again, RAP COM produced

a higher information transfer rate than did the spatial display.

These and other studies demonstrate that observers can extract
information very quickly from rapidly presented visual displays. One
possible reason for the advantage of RAP COM displays over spatial
displays is that there is no need for eye movements (or saccades)
when the RAP COM display is used. It has been demonstrated in
reading research that although a saccade and the ensuing fixation
typically last approximately 250 msec, almost all of the information
processing that occurs during a fixation occurs during the first 50
msec. (see Rayner & Pollatsek, 1988, for a review of research on eye

movements in reading). By removing the need for the relatively
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slow eye movements that are required to view spatially distributed
displays, the RAP COM procedure affords higher information transfer

rates than can be achieved with spatial displays.

One potential limitation of the extant RAP COM studies is that each
study employed a discrete trial task in which a small series of items
was presented in either a spatial or a RAP COM format, the subject
responded to those items and then some time later the next set of
items appeared. This leaves unanswered the question of whether the
advantage of RAP COM over spatial displays would obtain when the
task required monitoring a continuous stream of information. This
latter question is of considerable importance for (at least) three
reasons. First, in many operational settings the tasks being
performed are ongoing supervisory monitoring tasks (e.g., checking
air speed, navigational information). Second, a basic research issue
concerning the cognitive processes required to extract information
from a RAP COM display is whether the person is responding to the
items at a relatively low, sensory level or whether the information is
processed more fully. This is obviously an important consideration if
one wishes to use the RAP COM display in more complex decision
making tasks. Finally, it would be useful to know the rate at which
subjects learn to perform various tasks using spatial vs. RAP COM
displays. The work that has been done to date has not addressed
issues concerning the learning curves associated with these display

formats. These questions motivated the present research.

113-7




III. METHOD

Subjects. The subjects were 13 paid participants--11 males, 2
females and 11 right hand dominant and 1 left hand dominant. None

of the subjects had participated in any other studies that used RAP
COM displays.

Design. The design used was a 2 (Display Type: RAP COM vs. Spatial)
x 2 (Number of Indicators: 4 vs. 8) x 2 (Day: 1, 2) x 3 (Trial Block: 1,
2, 3) within-subjects design. Subjects participated in two sessions
over a two day period. Within each session subjects performed three
blocks of 4 trials each, with each block consisting of one of each of

the four display conditions (RAP COM/Spatial x 2/4 Indicators).

Equipment, An IBM XT micro-computer with an IBM enhanced color
monitor was used to present stimuli and record responses and
response latencies. Two response boxes were interfaced with the
microcomputer. Each box had four keys arranged in a diamond
shape with the letters A through D on Box 1 and E through H on Box
2 (see Figure 1). A Marsona model 1200 white noise generator was

used to mask extraneous noises in the experimental area.
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Spatial Display

764 764 764 764
234 A 458 C 346 E 893 G
334 334 334 334
764 764 764 764
567 B 867 D 987 F 190 H
334 334 334 334

Response Box Configuration

A E
B C F
D H
Box 1 Box 2

Figure 1. Upper Panel: Example of Eight Indicator Spatial Display
Lower Panel: Response Box Configuration
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Task., Subjects performed a visual monitoring task that required
them to monitor either 4 or 8 sets of three digit number-letter
combinations. These values periodically increased/decreased in a
monotonic fashion. The subjects were instructed to respond'
whenever a numeric value went out of bounds, i.e., it either exceeded
the upper bound value of 764 or went below the lower bound value
of 334. These boundaries remained the same for all trials and all
display conditions. When an indicator went beyond its boundary,

subjects responded by pressing the appropriate response key.

The Spatial display condition consisted of presenting eight
rectangular shaped boxes that remained on the screen constantly
during the trial. Above and below each box were printed the upper
and lower boundaries (i.e., 764 and 334, respectively). Appearing
inside each box was the stimulus to be monitored, namely, a three
digit numeral plus a letter (A through D or A through H) that
corresponded to a response key. In the four indicator condition only
the four leftmost boxes contained number/letter combinations;

however, all eight boxes were displayed.

The RAP COM display condition was identical to the spatial condition,
with one major exception. In the RAP COM condition, only a single
rectangle appeared centered on the screen with the boundary values
presented above and below. Each of the 4 (or 8) indicators was
displayed within the the rectangle for .8 seconds followed
immediately by the next indicator in alphabetic order.  The 4 (or 8)

indicators were presented in a continuously cycling fashion (i.e., A, B,
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C, D, A B, C D, A, etc.). The two display conditions (RAP COM and
Spatial) were therefore identical in all regards other than the

presentation format.

At the beginning of each trial the 4 or 8 indicator values started near
the midpoint (549) between the upper and lower bounds. Each
indicator value was incremented or decremented in a monotonic
manner, with the direction of change (increase/decrease) being
determined randomly. The algorithm used to change indicator
values was a time-dependent sampling procedure in which the
probability of incrementing/decrementing each indicator increased
as the time since the last indicator change increased. The maximum
interval between indicator updates was 7 seconds. The absolute
value of each indicator change was randomly sampled from the
range 0-110. Subjects were instructed to press the key
corresponding to an indicator as soon as the indicator crossed the
upper/lower boundary. When a subject made a correct response, or
if the next numeral to be displayed went above 999 or below 100,
the indicator was reset to a value near the midpoint between the
upper and lower bounds. The direction of change for each indicator
was randomly determined each time an indicator was reset.
Auditory feedback was given following correct responses and a .2
second, 247 hz tone for incorrrect responses (i.e., responding before
an indicator value had crossed its' boundary. Each trial lasted three
minutes, during which time subjects were continually monitoring and

responding/resetting the displays.

113-1




Procedure. On the first day, subjects were given practice using the
response boxes, practice performing the four different monitoring
conditions, and then they performed 12 critical trials. Practice with
the response boxes consisted of responding to sets of 50 single letter
stimuli presented on the computer monitor at a rate of one letter per
second. For the first two sets, subjects used their right hand with
Box 2 (letters E through H), the second two sets with their left hand
using Box 1 (letters A through D) and the final two sets using both
hands and both boxes (letters A through H). The goal of this practice
was to train subjects to respond without looking at the response

boxes.

Subjects were next shown the two different types of displays with
explanations of the visual monitoring task. After this demonstration,
subjects were given two minutes of practice on each of the display
types and number of displays--RAP COM)/Spatial and four vs. eight
displays. After the practice sessions subjects performed 12 critical
trials that alternated between type and number of displays across

three blocks of four trials.

On Day 2 (the following day) subjects were presented 100 single
letter stimuli (A through H) for the purpose of practicing responses
with both response boxes using both hands. This was identical to the
last practice session on Day 1. They then performed 12 more critical
trials starting with the alternate display type that they had used on
the previous day. The order of display type/number of indicators

was counterbalanced between subjects.
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IV. RESULTS.

The two primary performance measures employed in this
experiment were reaction time and error rates. Reaction time was
defined as the time interval between when an indicator crossed its’
boundary and when the subject made a response to that indicator.
An error was defined as responding to an indicator that had not yet
crossed its' boundary. We also recorded misses, which were defined
as not responding to an indicator before it reached 100 or 999.
These events occurred very infrequently with the modal number of

misses per trial being zero.

Presented in Figure 2 are the mean reaction times for the four
conditions across each of the three blocks on Day 1 and Day 2. There
are several important points to note in regard to these data. First, as
expected, subjects performance levels improved across the six blocks
of training. Also as expected, subjects responded more quickly in the
four indicator conditions than in the eight indicator conditions, and
this result was obtained with both the spatial and RAP COM

conditions.

Of greater interest is the comparisons between the RAP COM and
spatial conditions. As is evident in Figure 2, subjects responded much
more rapidly to the RAP COM displays than to the spatial displays.

Furthermore, the improvement in reaction times across blocks was
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Figure 2. Mean Reaction Time
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much greater with the RAP COM displays than with the spatial
displays. Perhaps the strongest indication of this is the fact that by
the end of Day 2 subjects were responding as quickly to 8 RAP COM

displays as they were to 4 spatial displays.

Overall, then, the reaction time data suggest that the RAP COM
display format is a much more efficient format than is the
conventional spatial display. Before accepting this conclusion,
however, we must examine the error rates obtained with these four
conditons. It is possible that the speed advantage observed with the
RAP COM displays is obtained at the expense of a high error rate. If
the reaction time advantage obtained with RAP COM is due simply to
a speed-accuracy tradeoff, then we would expect to find higher error
rates obtained whenever there was a speed advantage (e.g., the
improvement in RT observed across blocks would be accompanied by

an increase in error rates.)

The mean percentage of total responses that were errors (averaged
across Day 1 and Day 2) are presented in Figure 3. (Error rates are
collapsed across Days because there were too few errors to allow a
meaningful analysis for the effect of Days). There are two important
points to be gleaned from Figure 3. First, the error rates were higher
with the RAP COM displays than with the spatial displays. Second,
while the RAP COM conditions lead to a higher error rate, the RT
advantage obtained with the RAP COM displays is not due simply to a
speed-accuracy tradeoff: The error rates in all four conditions are

relatively constant across trial blocks. Hence the advantages in RT
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Figure 3. Mean Error Rate (averaged across Days 1 & 2)
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that were obtained as subjects became more familiar with the task

were not accompanied by an increase in error rates.

V. RECOMMENDATIONS

The results of this experiment are consistent with the previous
RAP COM studies showing RAP COM to be a very effective display
technology. The present work extends these prior studies by
employing a continuous, rather than a discrete task. Taken together,
these studies clearly establish the viability of RAP COM as an
alternative means of presenting visual information to crew station
members.

One potential problem with the RAP COM technique that was
identified in this study is the higher error rates obtained with RAP
COM than with the Spatial displays. It appears that this differential
error rate is attributable to the difficulty subjects’ had in establishing
the stimulus-response mapping with the RAP COM displays. The
question of whether this problem is inherent to the RAP COM
technique or whether it is attributable to the specific stimulus-
response mappings employed in this experiment cannot be
determined unambiguously based on the results of this study.
Several observations, however, suggest that the high error rates
obtained with RAP COM are due to the response box configuration.

First, as indicated in Figure 1, the response boxes employed in
this study had a somewhat unusual arrangement of the response
keys. These keys did not correspond to a clockwise pattern, nor did

they correspond to a simple linear pattern. It is probable that this
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arrangement is less than optimal. Second, the arrangement of the
letters on the response box is inconsistent with the layout of a
standard QWERTY-style keyboard, and this may have caused some
confusion for subjects. Finally, a number of subjects reported that on
the RAP COM trials they knew which indicator had crossed its
boundary, but they had trouble selecting the appropriate response
key.

Based on this analysis, it is clear that additional research is
necessary to identify the locus of the response selection problem
observed with the RAP COM displays. It would be useful to replicate
the present experiment, this time using response boxes with more
compatible response key configurations. An alternative approach
would be to use the additive factors method pioneered by Sternberg
to attempt to experimentally determine the nature and extent of
differences in the prc:esses underlying performance in RAP COM vs.
Spatial tasks. It may well be that there are a number of
fundamental differences in the cognitive processes engaged by these
two tasks that go beyond simply differences in eye movements.
Finally, it is advisable to examine the types of stimulus coding
features (e.g., spatial, color) that could be implemented within a RAP
COM display. That is, by switching from a Spatial display to a RAP
COM display, the information transfer rates may be improved, but
this improvement comes at the cost of losing one stimulus dimension
(spatial location) that operators may use to decrease memory load.
This issue will become more important as the RAP COM research

program moves from studies employing laboratory tasks to
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investigations that are closer to an operational setting (e.g., simulator

research).
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A NONLINEAR LUMPED PARAMETER MODEL

FOR THE SEATED HUMANS

By

Joseph E. Saliba

ABSTRACT

A brief review of both continuous and lumped-parameter
models describing the structural response of the human body due
to the acceleration environment associated with seat ejection is
first presented. The need for a nonlinear lumped-parameter model
to remedy the inadequacy of reproducing laboratory experiments
was then examined. Four different tasks were then shown. The
first task was to insure that the tests conducted in the
laboratory were yielding meaningful output, otherwise the model
developed would be meaningless. Then a nonlinear lumped-parameter
model that best predicts the behavior of the human subject was
developed. The values of the lumped-parameter models were then
obtained by using a least-squares fitting technique. This
process was performed and validated on one single laboratory
test.

Finally, a more realistic and comprehensive validation plan
to ensure the effectiveness of this approach in addition to a
sensitivity study on the shape, duration and magnitude of the input
acceleration was recommended.
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I. INTRODUCTION

Investigations of aircraft escape systems and spinal injuries
sustained from seat ejections have invelved a wide spectrum of
analytical and experimental studies. The analytical efforts have
concentrated primarily on the development, dynamic response solution,
and validation of several discrete parameter and continuum models
subjected to specified acceleration-time inputs. The experimental
work has entailed measurement of constitutive and inertial properties
of anatomical components and determinations and comparisons of
biomechanical responses of human volunteers, cadavers, animals, and
dummies to controlled impacts. Injury criteria and human tolerance
thresholds formulated from these studies and accident statistics
provide a basis for design and analysis of escape systems.

In describing the structural response of the human body due to
the acceleration environment associated with seat ejection, one can
represent the physical laws that are applicable in terms of rather
complex equations. The obvious most popular simplification is the
linear discretization which in turn leads to simpler equations for
the idealized problem. This linearization is, in many instances,
inadequate to describe or reproduce experimental studies done under
very controlled environments.

A. Theoretical models, both continuous and lumped-parameter,
with varying degrees of complexity have been formulated in efforts to
predict responses to specified inputs. The lumped-parameter models
usually have been single or multidegree-of-freedom systems with
linear, passive elements, whereas the human body is neither a passive
nor a linear systemn. Carmichaell (1968) states, "the body is a

nonlinear system with respect to the equations of motion". Wittmann
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and Phillips2 (1969) conclude, "existing nonlinearities are sufficient
to be of concern, and that appropriate measures to determine the
effect of these nonlinearities should be taken." Perng3 (1970)
states, "The mbst striking feature of the mechanical behavior of
biological tissues, the stress strain relation, is remarkably
nonlinear." Markoff and Steidel? (1970) state, "It is known that
joint stiffness increases with deformation." Belytschko, et a1.5,
(1972) refer to, but neglect nonlinearities, stating, "because of the
difficulties of characterizing a nonlinear orthotropic composite
material." When representing nonlinear elements of the body, the
assumption of linear springs and dashpots may be too great a

simplification for some inputs.

IT. OBJECTIVES
To remedy this inadequacy of reproducing laboratory experiments,
a nonlinear discrete parameter model will be examined. To accomplish
this, four different tasks need to be investigated.
- Checking of the experimental data
- Selecting a model
- Fine-tuning the model
- Validating the model
The first task is to insure that the test conducted in the
laboratory on the volunteer subjects are yielding meaningful output,
otherwise the reproduction or calibration of the model is
meaningless. The second task is to find a possible model that best
predicts the behavior of the human subject during seat ejection. The
third step involves investigating experimental means of fine-tuning

the model by proposing additional experimental studies that best
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determine the mechanical properties which enter the constitutive
relations of the nonlinear model. The final step is to calibrate
or validate the model, by simply attempting to reproduce as many as
possible tests on volunteer subjects, making sure that the

analytical output does match the experimental one.

III. CHECKING OF THE EXPERIMENTAL DATA

The first task was to familiarize myself with test plan and the
results of the "vertical impact of humans and anthropomorphic
manikins" test conducted at the Biomechanical Protection Branch at
Wright-Patterson Air Force Base. This entailed familiarization with
the test procedure, fixtures used, and checking locations of load
cells, accelerometer and other devices. Next a careful study of the
equilibrium equations where all the force and moment equations were
checked. This is done to insure that the tests conducted in the
laboratory on the volunteer subjects are yielding meaningful output.

These results will be used later for calibration of a nonlinear model

that will be developed.

IV. SELECTING A MODEL

There seems to be an orderly progression towards the development
of realistic spiral models. The two parallel approaches are discrete
lumped-parameters and continuum models.

The first spiral lumped-parameter model was proposed by
Latham® (1957), which consisted of a double-mass spring-coupled system

7 proposed a dynamic

subjected to a base excitation. In 1962, Payne
response index (DRI) in his single degree-of-freedom model which is

still in use today. Many more models have been proposed since then,
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extending the degree-of-freedom to include other parts of the human
body other than the spine.

Different types of spinal models have been proposed with less
success. These models assume the spine to be a continuum and were
initiated by Hess and Lombard® (19585. The spine is represented by a
straight homogenous elastic rod, free at one end and subjected to a
prescribed acceleration at the other end. Non-linear models have
also been attempted, again with little success.

It has been demonstrated that the lumped-parameter models
represent a more viable approach and a more realistic injury model

can be deduced from them. Thus, a discrete model will be used.

V. REFINEMENT OF THE MODEL

Figure 1 represents our attempt to model the spine.

If we call U(t) = 2Z5(t) - 2,;(t) (Eq. 1)
then Ur(t) = (2'5(t) = 2';(t)) (Eq. 2)
dU . N . s 3
where the U' = — means the first derivative with respect to time
dt
and un(t) = (2" (t) - Z2."(%)) (Eq. 3)

From the free-body-diagram of figure 1, Newton's second law gives

the following equations of motion in the form:

M (U"(t)) + F(gpring) * F(dashpot) = F(t) (Eq. 4)
where Fguring = Kp (U(t)) + Ky (U(t))3 (Eq. 5)
Fgashpot = €1 (U'(t)) + C3 (U'(t))> (Eq. 6)

so M U"(t) + KyU(t) + Ky (U(t)]3 + C) [U'(E)] + Cqy (u*(t)13

= F(t) (Eq. 7)
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Since we know U" = E_ SH we can then integrate in function of time
dt dt
t
2 t t
2
to get [ u(t)" dt = au(e) 172 U'(t)| "= U'(ty) - U'(t]) (Eq. 8)
Jtq dt ty ty
t2
or U'(ty) = U'(ty) + [ u"(t) dt (Eq. 9)
t
du
but U'(t) = — =>U'(t) dt = du (Eg. 10)

dt

integrating in function of time both sides, we then get

t
2
U(t,) = U(tq) + [ U'(t) dat (Eq. 11)
t
the integral in the above equations can be simply estimated by any

numerical quadrature formula such as the Trapezoidal rule

b

[ f(x) dx = S = &* (b-a)*{f(a) + £(b)] + error (Eq. 12)
2

a

or by another method like Simpson's rule.

The error term for the trapezoidal rule is

' —a2y3
error = - £7(n) (b-a) n € (a,b) (Egq. 13)

12

It is difficult to estimate the error term, especially since
our value, for example, of the acceleration is given only in tabular
form. 1In other words, we do not know what the actual equation
for the acceleration is, hence, we cannot compute the second
derivative of the acceleration to approximate the error. To
remedy this, one can use the idea of the extrapolation to the
limit in conjunction with the composite Trapezoidal rule.

Such a method is commonly referred to as the Romberg integration
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method. The best possible estimate of the integral can be found
by simply looking at the table of ratios generated by this
method.

Once the relative velocity and displacement are computed,
the best values of the spring and dashpot constant can be found
using the idea of the least squares method.

Since we do not know the values of Ki, K3, Cq and C4
exactly, or which satisfy the equality of equation (Eg. 7), an
error will be introduced for every time value. The fundamental
idea behind the least squares method, is to minimize the sum of

the squares of these errors.

If we call
¢1(t) = U(t)
¢y (t) = (U(t))3
$5(t) = U'(t)
pya(t) = (U' ()3

and call N the total number of point given and
fn = F(ty) - m U"(ty)

where we can then write the square of the individual error as:

N
E(K;,K3,C1,C3) = ZE: (£, - G(tp: K;,K3,Cq,Cq)1°2
m=1

where G(tp,K;,Ky,Cq,C3) = Ky0q (tp) + Kapy(tp) + Croa(tp) + Cyo4(ty)
To minimize the above error function, it is necessary that the

gradient of E vanish, i.e.;

2E _ JE _ 3E _ E
3; Ky C; ACy
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E
E— = -ZEZL(fm = G(t,iKy,K3,C1,C3)] @3(ty) =0
E_ S
3E - 12> (g - G(tiK . K3,Cp,C3)] Bp(ty) = O
3K3 m=1
JE .
2E 2 22) [, - GltyiKy,Ky,Cp,C3)] d3(ty) = O
acl m=1
¥E_ S
8 - 22} £y - GltyiKy,Ky,C1,Cy)] B4ty = O

aC, m=1

the error vector
e = [el,ez, e .eN]
with

are normal orthogonal to the following vector
8; = [#1(t1), @5(ty)  ¢5(t1T i =1,2,3,4
since

-2eTe; =0 i=1,23,4
calling the vector
£f=[£f,,£5,...8417

the normal equations can be rewritten in the form:

: T
ﬁ?_ by @5 8; = fTe; i =1,2,3,4

j=1
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where
by =y
by = K;3
by = ¢
by = C4

Solving these normal equations will then yield the four
constants K;, K3, C;, C3, which will minimize the square of the
error introduced by approximating the behavior by this discrete

lumped-parameter model.

VI. VALIDATION OF THE MODEL

The model was validated using the VIHAM STUDY TEST: 1390
SUBJECT: B-1 weight 163.0 NOM G=8-0 CELL: X. The chest minus
seat acceleration fime profile is shown in figure 2. Because of
the deviation from zero, the above figure was shifted upward
and then integrated to get the velocity, and integrated once again,
to obtain the displacement. Then the data was passed to the least-
square program and the best possible fit was obtained. The force
profile used was the sum of the three load cells of the seat. (See
Figure 3). After the four parameters were obtained, the actual
total force on the seat was then plotted against the calculated one

with the results showing in Figure 4.

VII. RECOMMENDATION

Due to the nature of the project and its complexity, I was
able to validate this nonlinear model on one single test alone.
A more realistic and comprehensive validation plan should be

proposed and implemented to ensure the effectiveness of this
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nonlinear lumped-parameter model. This plan should include a
wide spectrum of excitation magnitudes (4g to 10g) and also
different excitation durations and shapes.

Although this model was developed for the Z direction, the
methodology is the same for a similar model in the other two
directions. Similar validation plans can be used to determine
the effectiveness in the X and Y direction.

The same method can also be used on future spiral models of
impact which will also include the abdominal musculature and
interaction of ribs with the thoracic vertebrate. This will mean
that more lumped masses should be included, as well as, more spring

and viscous damping forces.
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IN-VITRO MODELING OF PERFLUORO-N-DECANOATE EFFECTS ON ENZYMES OF
FATTY ACID METABOLISM

by

Sanford S. Singer

ABSTRACT

Acyl-SCoA synthetase, acyl-SCoA oxidase & carnitine acetyltransferase
were studied in our efforts to model, in vitro, the basis for effects of
perfluoro-n-decanoate(PFDA) on fatty acid metabolism. We found that: (1)
Acyl-SCoA synthetase used palmitate, oleate, laurate & decanocate as

substrates to similar extents. However, it converted PFDA to PFDA-SCoA
very slowly. PFDA inhibited acyl-SCoA formation from the fatty acids. The
inhibitions appeared to be competitive. Palmitoyl-SCoA formation was
inhibited most & decanoyl-SCoA formation was inhibited least. Palmitoyl-
SCoA formation was inhibited up to 30% when the [PFDA]/[palmitate] was 4.
(2) Acyl-SCoA oxidase, used palmitoyl-SCoA, lauroyl-SCoA & decanoyl-SCoA
as substrates. It preferred the smaller acyl-SCoAs. Inhibition of
oxidation of the C-10 and C-12 acyl-SCoAS by PFDA was more extensive than
that of palmitoyl-SCoA. PFDA inhibition of decanoyl-SCoA & palmitoyl-SCoA
oxidation was examined in depth & found to be competitive, with KIs of
5935150 ™ & 76-6.0 pM. (3) Carnitine acetyltransferase used acetyl-SCoA
as its best substrate. Butryryl-SCoA, hexanoyl-SCoA, and octanoyl-SCoA were

less effective sybstrates than acetyl-SCoA. Transfer of all acyl groups to
carnitine was inhibited to a similar extent by PFDA. The KIs were 111315
M & 76.0%28 uM.with the C-2 and C-8 acyl-SCoAs. Inhibition was competitive
with acetyl-SCoA & noncompetitive with octanoyl-SCoA. Our examination of
the PFDA effects on the enzymes gave useful information that may provide
connections between isofunctional enzymes of rat liver and in-vivo effects
of PFDA on lipid metabolism in the rat. Study of inhibition by PFDA-SCoA

was tabled , as it was unavailable during the SFRP.
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I. INTRODUCTION

A. RELATIONSHIP TO EFFORTS AT AAMRL/TH Ten-carbon, perfluorodecanoic
acid(PFDA) was recently found to be toxic. In recent years, a number of

related fluorinated chemicals, used in a variety of places including foam
fire extinguishers and vascular fluid replacements, have also been shown
to be toxic(see IB). Air Force personnel may be exposed to such chemicals.
Consequently, evaluation of the extent of and basis for their toxicity is
important.

The Biochemistry Branch of AAMRL/TH is actively engaged in evaluation
of the toxicology of PFDA and related chemicals and in building
toxicologic models for the processes. Whole animal studies have been
conducted with rats and other species in which the pathology, variation
in species mortality and alterations of energy and lipid metabolism have
been determined. These studies suggest a central role for the liver in
the toxicity. It is presently unclear what the basis for the responses
to PFDA is. However, it is clear that these responses must involve
enzymes of lipid metabolism.

Understanding of the enzymatic basis for the changes of lipid
metabolism is likely to be obtained from examination of the enzymology of
purified enzymes involved in the process. In addition, appropriate
utilization of in-vitro enzymology should add a new dimension to screening
of chemicals deemed likely to operate like PFDA. The advantages of such
studies over whole animal studies include simplicity and amenability to
experimental manipulation, lack of need for large numbers of animals on a
routine basis, cost advantages and diminished researcher risk due to the
smaller quantities of toxicants and reagents utilized for evaluation
processes. The use of in-vitro enzymology 1is complicated by limitation
of the exactitude of interpretation of the relationship to the in-vivo
situation where the information base relating to in-vivo concentrations of
metabolic products is incomplete and the needs for specialized equipment
and personnel with specific training in enzyme purification and enzymologic
technique.

My enzymologic research interests and long experience in purification,
characterization and manipulation of enzymes suits me to carry out such
efforts. This fits with the AAMRL/TH move to use of in-vitro technology,

in addition to whole animal studies, for toxicologic estimations.
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B. TECHNICAL BACKGROUND: Perfluorocarboxylic acids and related com-
pounds have many industrial uses(1-3), including corrosion inhibitors,
hydraulic fluids, wetting agents, foam fire extinguishers, coatings that
impart water and o0il resistance to paper and fabrics. Such uses have been
predicated upon their supposed inertness and lack of toxicity. Recent
study(4-6) has shown that perfluorinated carboxylic acids of chain length
exceeding 8 carbons are toxic. Perfluoro-n-decanoic acid(PFDA),
CF3(CF2)8COOH, has been shown to be one of the more toxic of these
compounds in rats and other species(5,7).

Most toxicologic research on PFDA has been carried out with Fisher
344 rats. There, a single i.p. dose of 41 mg PFDA kills 50% of injected
animals. Toxic manifestations of PFDA(5,6) are similar to those of 2,3,7,
8-~tetrachloro-p-dioxin. These include acute anorexia, extensive weight
loss, testis and thymus atrophy, bone marrow depression, excessive liver
size and disruption of hepatic architecture. Both toxic agents alsc alter
cellular lipid levels in liver, relating particularly to early alterations
of fatty acid levels(8,9). Although the mechanism of the alterations is
unclear, it appears likely to include alterations of lipid metabolism.

To this end, it is already clear(10) that PFDA leads to peroxisome
proloferation and large elevations of apparent acyl-SCoA oxidase activity
due to those organelles. Such enzyme elevations could alter production and
disposition of cellular fatty acids, as the enzyme will not use short chain
acyl-SCoA substrates(11l). Disruptions of hepatic fatty acid metabolism could
disturb cell function, leading to the toxicity observed, by altering the
composition and properties of cellular membranes and/or altering the
availability of lipids for energy production, hormone production and other
cell processes.

PFDA itself could have disruptive effects on lipid metabolism, by
interacting with various enzymes involved. These interactions could cause
differential activation or inactivation of the enzymes. Certainly, it has
been shown that PFD? is retained at high concentrations in hepatocytes for
30 days after initial insult with a 50 mg/kg dose(9). Alsc, PFDA appears to
be converted to a polar metabolite(9). This molecule may also contribute
to PFDA action. Or, alternatively, it may be responsible for "late effects"
of PFDA, exemplified by the bimodal response of acyl-SCoA oxidase cescribed

in a recent report(10).
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More information is required to explain the basis for the lipotrans-
formations resultant from PFDA administration. It would seem possible
to model the basis for the effects of PFDA and its polar metabolite,
using purified enzymes. Such modeling could enable us to ascertain why
observed alterations of fatty acid metabolism ooccurred. It would also

provide insight into metabolites to which PFDA could be converted.

II. SOMMARY OF PROPOSED RESEARCH GOALS:

In recent years PFDA has been shown to be very toxic to rats and
other animals. Its toxic effects are similar to those of the dioxins.
Prominant among these are large alterations of liver lipid levels and
composition. The toxic mechanism is unknown. However, it appears likely
to include altered lipid metabolism resulting from interactions of PFDA
and/or its metabolites with lipid-metabolizing enzymes, which change their
catalytic abilities.

The proposed effort will begin by examining three commercially
available enzymes of fatty acid metabolism likely to be related to
observed effects of PFDA. These are nonrat acyl-SCoA synthetase,
acyl-SCoA oxidase, and carnitine acetyltransferase. We will adapt standard
assays for the enzymes to use at AAMRL/TH and examine the ability of PFDA
to inhibit or activate the enzymes. Several rat liver enzymes, unavailable
commercially, appear even more relevant to study. These include enzymes
isofunctional to the ones just mentioned, acyl-SACP synthetase, acyl-SCoA
dehydrogenase and acyl-SCoA hydrolase. Depending upon the rate of
completion and the consequences of our studies with the commercially
availabkle enzymes, we hope to have time to attempt to isolate one relevant
rat enzyme, adapt its assay to use at AAMRL/TH and examine interactions
with PFDA.

The studies proposed are expected to serve as the basis for longer term
interactions with AAMRL/TH. It is hoped that they will: (@) Inform us
about the ability of PFDA to interact with the individual enzymes and the
effects of the interactions (b) Provide data relevant to understanding the
basis for some aspects of PFDA action. (c) Lead us to develop the facility
for assay and purification of the relevant rat liver enzymes at AAMRL/THS.
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III. STUDY OF ACYL~SCOA SYNTHETASE FROM PSEUDOMONAS

A. MATERIALS AND METHODS:

Enzyme And Supplies(all from Sigma Chemical Company)

The acyl-ScoA synthetase enzyme will be used to model whether PFDA
affects the conversion of fatty acids to their respective coenzyme A
derivatives and whether PFDA is converted to PFDA-SCoA. Oleic, palmitic,
lauric and decanoic acids will be tested. The enzyme assay is basically
that described by Shimizu et al(12), as modified by Sigma. The supplies
necessary are: Acyl-SCoA Synthetase(A-2777) ,Pyruvate Kinase -LDH
(40-7), Myokinase(M-3003), Coenzyme A(C-3019) NADH(N-8129), Disodium
EDTA(ED-255), Triton X-100(X-100), Oleic Acid(0-3879), Palmitic Acid
(P-5917), Lauric Acid(L-4250), Decancic Acid (C-1875), Phosphoenolpy-
ruvate(P-7002), Disodium ATP(A-2383), Trizma Base(T-1503), MgClz(M-9272).
Assay is based upon reading 340 nm decrease due to NADH oxidation as a

consequence of :

Fatty Acid + ATP + HSCoA _Synthetase . Acyl-SCoA + AMP +PPi
ATP + AMP Myokinase . 2ADP

2ADP + 2PEP Pyruvate Kinase.> 2 ATP + 2 Pyruvate
2 Pyruvate + 2 NADH + 2H+ Lactate Dehydrog. . 2 Lactate + 2 NAD+
P4

Enz Assay:

Usually, each 1.5-mL reaction mixture contains 226 pmol
tris, 3.83 pmol EDTA, 20.4 pmol MgClz, 370 nmol ATP, 1,009 nmol PEP, 128
nmol coenzyme A, 383 nmol dithiothreotol, 963 nmol NADH, 110 nmol palmiitate,
0.2% Triton X-100, 1.5% glycerol, 3% propylene glycol, 1.5 U LDH, 1.5 U PK
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pyruvate kinase and 1.77 units myokinase. Variations of procedure in kinetic
and other studies can be found in USAF R & D Notebook 63907. Enzyme activity
in units per mlL enzyme solution is obtained from:

Blank) x vol rxn mix]/[12.4 x vol enz X min]

U/mL = [ (@A Test - AA3

340 40

B. RESULTS

1. The Acyl-SCoA Synthetase Assay With Palmitate as Substrate The
method designed for use at AAMRL/THS modified the procedure of Shimazu et al
(12)described by Sigma. We first examined the reproducibility of the Sigma

assay. Half-sized reaction mixtures were used to minimize costs.In all our
studies the reproducibility of the method was excellent, as duplicates
differed by only 2-3%. The assay exhibited zero order kinetics with 73 pM
palmitate(halving fatty acid diminished observed activity only 4-5%) and
83.5 puM coenzyme A(halving coenzyme had no effect)with up to 12 pg enzyme
per reaction mixture. The reaction rate was always constant for 12 minutes.
2. PFDA as Substrate for Acyl-
CoA Synthetase Here, 73 pM PFDA, 730 uM 4 .250
PFDA and 73 pM palmitate were compared.
The data(Fig. 1), indicated that PFDA
was a poor substrate. Four experiments
showed that 73 and 730 pM PFDA supported
formation of only 4.552.6 % and
7.30%4.60 % as much acyl-SCoA as did 73
pM palmitate. The low activity was not

1.100

340 nm Absorbanc e

730 nM PFDA)

73 uM PEDAN -
due to inhibition of the coupled enzymes == : ~ 4
used to visualize the reaction (e.g., Y minutes 18
73 uM PFDA, Section 3 below, had almost Fig.l Palmitate & PFDA as
Acyl-SCoA Synthetase

no effect on conversion of 73 uM palmi-

tate to palmitcyl-SCoA in mixed assays). Substrates

3. Inhibition of Acyl-SCoA Synthetase When it is Nearly Saturated
with Palmitate. Here, we first examined the effects of 73 or 730 uM PFDA on

formation of palmitoyl-SCoA with 73 uM palmitate substrate. As shown(Fig. 24),

the lower concentration of PFDA effected a small inhibition of palmitoyl-SCoA
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formation. Subtraction of the small amount of PFDA-SCoA made from 73 pM
PFDA, indicated that the inhibition was 9.1%. Use of 730 uM PFDA(Fig. 2B)
caused 54.8% inhibition of palmitoyl-SCoA formation. Examination of the
effect of 73 pM PFDA on palmitoyl-SCoA formation with 37 pM palmtate(Fig.
2C) showed 21% inhibition of palmitoyl-SCoA formation. The data suggested
competitive inhibition of palmitoyl-SCoA formation. Additional study of
this inhibition will be described later in this report.

500t () " (B) F (C)
&l '
73 Palm
’g p 73 @M Palm i a
[0)]
S| Palm + PFRA
g
ol
Y 73 uM P
¢ M
0 L] L 2
0 20 0 16 0 16

minutes
Fig. 2. The Effect of PFDA on Palmitoyl-SCoA Formation

The abbreviation Palm is used to indicate palmitic acid.

4. Comparison of PFDA Effects on Formation of Palmitoyl-,0Oleoyl-,
Lauroyl- and Decanoyl-SCoA. We first compared the ability of 73 uM palmitate,
oleate, laurate and decanocate to support acyl-SCoA formation. We found that
the relative activities of the four substrates were 100%, 94.1%3.91%,

69.512.4% and 76.415.8% for oleate, palmitate, laurate and decanoate,
respectively(5 experiments). Next, we tested the ability of 730 uM PFDA to
inhibit conversion of each fatty acid(at 73 uM) to acyl-SCoA. We found(e.g.,
Fig. 3) that the production of the shorter-chain acyl-SCoAs was inhibited
more weakly than that of palmitate or oleate. In 5 experiments % inhibitions
were 59.5i2.0, 52.4i3.8, 43.4i6.4, and 32.0%9.6 for palmitate, oleate,

laurate, and decanoate, respectively.
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| Oleate LPalmitate LLaurate . Decanoate

. s

no %FDA

R-+ PFDA

0 minutes 16 0 minutes 16 0 minutes 16 0 minutes 16

R+ prpa .

Fig. 3 The Effect of 730 uM PFDA on Formation of Acyl-SCoAs from
73 uM Oleate, Palmitate, Laurate or Decanoate.

5. Examination of Inhibition of Palmitoyl SCoA Formation by PFDA
We first examined the effect of 73 uM PFDA on palmitoyl-SCoA formation with

differing amounts of palmitate. Three experiments showed(e.g. Fig. 4) that
inhibition increased from 5-10% with 73 uM palmitate([PFDA]/[palmitate] =
1) to 30% or more with 19 uM palmitate. It was 24.9%5.5% and 31.8i4.0%
with 24 and 19 pM palmitate([PFDA]/[palmitate] = 3 and 4, respectively).
These data suggested that PFDA was a competitive inhibitor of acyl-SCoA
synthetase. We could not carry out more extensive kinetic experiments that
would have allowed us to definitively state that the inhibition was

competitive and to ascertain K, for several reasons. First, were methodol-

I
ogic difficulties relating to the complexity of the experiment Secondly, at
palmitate concentrations below 19 pM in assays, the enzyme inactivated

spontaneously. Therefore, such studies will have to await future studies.

o 100

A / Activity Left !

| 20 Inhibition 20 Inhibition

v L R 1 L ¥ J ’ ' ¥

0 uM Palmitate 120 0 [Palmitate]/[PFDA] 1.20
Fig. 4 The Effect of 73 uM PFDA on Acyl-SCoA Formation,

using Several Different Amounts of Palmitate as Substrate.
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C. DISCUSSION- Study of all the enzymes is interrelated, so discussion
of our results will appear after the data of Sections IV -VI, as Section VII.

IV. STUDY OF ACYL~SCoA OXTDASE FROM CANDIDA

A. MATERIALS AND METHODS

Enzyme and Supplies(all from Sigma) The study will model whether PFDA
affects acyl-SCoA oxidation in a way that could help explain observed altera-
tions of fatty acid metabolism after PFDA. Palmitoyl-, lauroyl- and decanoyl-
SCoA will be tested. The assay is as after Shimazu et al(13), as modified by
Sigma. Supplies are Acyl-SCoA Oxidase(A-2903), Palmitoyl-SCoA (P-9276),
Lauroyl~SCoA(P-9012), Decanoyl-SCoA(D-5269),4-Aminoantipyrine(A-4482) Phenol
(P-4161), Peroxidase(P-8375), KH2P04(P—0662), K2HP04(P-3786). Assay
is based on pink dye production, quantitated by increased 500 nm absorbance.

Acyl-SCoA + E-~FAD Acyl-SCoA Oxidase#' 42—Enoyl-SCoA + E—FADH2
E-FADH2 + 02 Acyl-SCoA Oxidasg%_ E-FAD + H202
Phenol+ 4-Aminocantipyine Peroxidase . Pink Dye
7 - 4
2H202 4H20

The Enzyme Assay: Usually, each 1.5-mL reaction mixture contains 62.5

pmol K phosphate, 0.792 pmol antipyrine, 11.0 umol phenol, 5.00 U peroxidase,
0.218 pmol palmitoyl-SCoA, 0.036% Triton X-100, 7% propylene glycol and 3.3%
glycerol. Procedural variations can be found in USAF R & D Notebook 62621.
Enzyme activity in units per ml enzyme solution can be cobtained from:

U/mL = (Delta Az X Vol rxn mix)/(6.39 x vol enz X min)

B. RESULTS

1. Examination of Acyl-SCoA Oxidase Assay This used facets of the

method of Shimazu et al(13) and that provided by Sigma. Our routine assay used
twice the palmitoyl-SCoA suggested. It was very reproducible, with duplicates
differing by only 5-8%. The enzyme was nearly saturated with palmitoyl-SCoA
(halving it changed enzyme activity only 14-19%). Kinetics were essentially
zero order kinetics with up to 7 pg enzyme per reaction mixture. Reaction
proceeded at a constant rate for 4 minutes. Comparison of 146 uM palmitoyl-,

lauroyl~ and decanoyl-SCoA as substrates showed the shorter-chain
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acyl-SCoAs to be the better substrates.The relative activities for 146 uM
palmitoyl-SCoA, lauroyl-SCoA and decanoyl-SCoA were 59.613.5%, 87.711.0%
and 100% in 5 experiments.

2. PFDA Inhibition of Acyl-SCoA Oxidation with Near-Saturated
Palmitoyl-SCoA or Other Acyl-SCoAs at Equal Concentrations Here we tested
PFDA inhibition of oxidation of 146 pM lauroyl-SCoA, palmitoyl-SCoA or
decanoyl-SCoA. The experiment used 1,520 pM PFDA because our first study,
with 730 pM PFDA and and palmitoyl-SCoA, showed little, if any, inhibition
of the enzyme activity. We found that with 1,520 pM PFDA --10.4 times the

acyl-SCoA in reaction mixtures-- palmitoyl-SCoA oxidation was inhibited

slightly. However,the oxidation of the short-chain acyl-SCoAs was affected
much more substantially. In 4 experiments, the inhibitions observed were
20.813.9%, 81.7i3.3% and 82.9:2.5% for palmitoyl-SCoA, lauroyl-SCoA and
decanoyl-SCoA, respectively. Fig. 5 depicts an inhibition experiment.

| Lauroyl-SCoA L Decanoyl-SCoA - Palmitoyl-SCoA
.500
[ 8
1 ¥
0
0
Q L
<
£
= L no PFDA
o
o
Te} e
t+ PgDA N
0
0 minutes 16 0 minutes 16 0 minutes 16

Fig. 5. Effect of 1,520 uM PFDA on Oxidation of 146 uM Lauroyl-SCoA,
Decanoyl-SCoA or Palmitoyl-SCoA by Acyl-SCoA Oxidase.

3. Effects on Inhibition of Oxidation of 146 uM Palmitoyl-SCoA
or 73 yuM Decanoyl-SCoA of Varying PFDA Concentration The experiments just

described supported palmitoyl-SCoA oxidation as less sensitive to PFDA
inhibition than that of lauroyl-SCoA or decanoyl~SCoA. We next examined the
effect(Fig. 6) of varying PFDA levels, to obtain more detailed information.
We used 73 uM decanoyl-SCoA and 143 uM palmitoyl~SCoA for similar product

formation. We planned to use the data that would be obtained to compare
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PFDA effects on the oxidations and choice of [PFDA] to use to determine
whether the inhibitions were competitive or noncompetitive. As shown, oxida-
tion of palmitoyl-SCoA was much less sensitive to PFDA than that of decanoyl-
3CoA. The data suggested that 50% inhibition of decancyl-SCoA and palmitoyl-
SCoA oxidation would have required 150 pM PFDA and 550 pM PFDA, respectively.

80 X Decanoy1-SCoA
i SPalmitoyl-SCoA
S //
-
o o
Q
-
c
i
BQ [~}
o v — v 4 Ed
0 M PFDA 2,500

Fig. 6 Inhibition of Oxidation of 146 uM Palmitoyl-SCoA or 73 pM
Decanoyl-SCoA by Various Amounts of PFDA.

4. The Nature of PFDA Inhibition of Oxidation of Palmitoyl-SCoA
or Lauroyl-SCoA. We used 138 and 304 pM PFDA, concentrations expected(Fig.
6)to give 25-30% inhibition with the highest acyl-SCoA levels tested. Double
reciprocal plots, Fig. 7, showed uninhibited Kms of 50.7%3.0 MM(2 exper)for

decanoyl-SCoA and 53.8%11 M (3 exper) for palmitoyl-SCoA. The inhibitions
s for palmitoyl-SCoA and decanoyl-SCoA were 593%150 UM

vere competitive. KI
and 766.0 M. These K,s agreed with expectations from Fig. 6.

p 1
(a) (B)
25 3 25 ™
1 i 1
v, vy
,; No PFDA /
/,—r/ Y T T ] '!/' v A - ¥ hd
"0 1/(S] .050 0 1/[s] 050

Fig. 7. Double Reciprocal Plots of Inhibition of Acyl-SCoA Oxidase- ,
Catalyzed Oxidation of Decanoyl-SCoA(A) and Palmitoyl-SCoA(B) by PFDA.
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V. STUDY OF CARNITINE ACETYLTRANSFERASE FROM PIGEON LIVER

A. MATERTALS AND METHODS

Enzyme and Supplies(all from Sigma) The enzyme transports acyl-SCoAs
of 2-10 C across mitochondrial membranes. Its study will model whether PFDA

affects this transport in ways that explain observed changes of fatty acid
metabolism and energy production after PFDA. Supplies are Carnitine Acetyl-
transferase(C-4899) 5,5'-Dithiobis-2-Nitrobenzoic Acid,DTNB(D-8130), L-Carni-
tine(C-0283), Acetyl-SCoA (A-2897), Butyryl-SCoA(B-1508),Hexancyl-SCoA(H-2012),
Tetrasodium EDTA(ED-455). Assay uses reaction of HSCoA(freed by transfer of
acyl groups to carnitine)with 5,5'-dithiobis-2-nitrobenzoic acid to yield

a yellow product,followed spectrophotometrically at 412 nm.

Acyl-SCoA + Carnitine __ Acetyltransferase  HS CcA + Acyl-Carnitine
HS-CoA + NBA-SS-NBA Nonenzymatic _ NBA-SS-NBA + NBA-SH(yellow)

The Enzyme Assay Usually, each 1.5-mL reaction mixture contains 269
pmol Tris, 264 umol DINB, 1.5 pmol EDTA, 5.46 umol carnitine, 300 nmol
acetyl-SCoA* 0.9 pg enzyme, 0.005% Triton X-100, 3.9% propylene glycol, 5.0%

glycerol. Procedure variations in kinetic and other studies can be found in
USAF R & D Notebook 62640(*Note that the enzyme is not saturated with
acetyl-SCoA. Saturation requires 4 times more acetyl-SCoA. This was beyond
our budget). Enzyme activity in units per ml enzyme solution can be obtained
from:

U/mL = ( Delta A412 x vol rxn mix)/(13.6 x vol enzyme X min)
B. RESULTS

1. Examination of the Enzyme Assay The method used elements of the

procedure of Chase{14) and of that provided by Sigma. The routine assay we
ultimately developed required much more carnitine and acetyl-SCoA than
indicated by either source. In our reaction mixtures the use of 3.4 mM
carnitine saturated the enzyme. We also included 200 uM acetyl-SCoA in

reaction mixtures, although the enzyme was not saturated with this
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amount of the acyl-SCoA(Saturation requires ~.80 mM acetyl-SCoA and this
was beyond our budget).However, we obtained reproducible data, quite
adequate for the inhibition studies planned. If absolute quantitation of
tissue lev2ls of carnitine acetyltransferase is required, we recommend use
of 1.00 mM acetyl-SCoA. The observed enzyme activity increased in a fashion
that allowed quantitation with up to 1 pg enzyme in reaction mixtures.
Initial studies were limited to use of acetyl-SCoA because acyl-SCoAs

possessing more than two carbons ware reported(14) to be pocr substrates.

2. PFDA Inhibition of Acetyl Transfer from Acetyl-SCoA to Carnitine.
This was first examined with 100 pM acetyl-SCoA and 800 pM PFDA. Three
experiments showed that inhibition was almost complete here(96.2id.0 %) .
Use of lower [PFDA] indicated that with 40 puM inhibitor([PFDA]/{acetyl-SCoA]
= 0.2), acetyl transfer was diminished by 26.2i6.8%.Carnitine acetyltrans-

ferase appeared to be more sensitive to PFDA than acyl-SCoA synthetase

or acyl-SCoA oxidase. Study (4 exper) of the nature of the PFDA inhibition
indicated that it was competitive with acetyl-SCoA(e.g., Fig. 8A), that the
wninhibited K, for acetyl-SCoA was 339550 pM and that K, was 111315

pM. As might be expected, the PFDA inhibition was noncompetitive with
respect to carnitine(e.g., Fig. 8B). Four experiments showed that the KM
for carnitine was 483%47 MM and K; was 140%6.5 M.

(A) (B) i

Rno PFDA

0 1/(s] 20.0 0 1{s] 5.00

Fig. 8. Double Reciprocal Plots Showing the Effects of 60 uM

PFDA on Acetyl Transfer from Acetyl~-SCoA to Carnitine,with
(A)Acetyl1-SCoA and (B) Carnitine as Varied Substrate.
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3. Comparison of the Effect of 80 uM PFDA on Acyl Transfer from
200 uM Acetyl-SCoA or Hexanoyl-SCoA to Carnitine. Here, we wished to
ascertain the PFDA effect with a larger acyl-SCoA. We tested hexanoyl-SCoA

first because it was reportedly(l4)the best, larger acyl-SCoA substrate(13%
of activity with acetyl- SCoA), C-10 and longer acyl-SCoAs being ineffective
(14). We found(3 exper) that 80 uM PFDA([PFDA]/[acyl-SCoA] =.40)inhibited
acetyl and hexanoyl transfer similarly, 43.41.70% and 49.215.5%.

4. Comparison of Acetyl, Butyryl, Hexanoyl and Octanoyl Transfer.Here,
(3 exper)transfer of C-2, C-4, C-6, C-8 acyl groups was 100%, 35.3%1.7,
18.971.8%, 9.03%1.7%. Inhibitory effects of 80 uM PFDA with the acyl-SCoAs
([PFDA]/[acyl-SCoA]=.4) were similar. We next examined the nature of octanoyl

-transfer inhibition. To do this, we had to use octancyl-SCoA levels of 100
to 600 pM. Even so, the enzyme activity was quite low. Surprisingly, inhib-
ition(e.g., Fig. 9)was noncompetitive. The KM for octanoyl-SCoA was 376262
MM(similar to that for acetyl-SCoA). The KI was 76.0-28 M. The last

study suggests the need for further investigation of the enzyme.

18.0
Fig. 9. Double-Recip-
1 rocal Plot of the
v Effect of 80 uM PFDA
° on Octanoyl Transfer
6.00 to Carnitine from
Octanoyl-SCoA.
7
7
é/ I ] /. ——t
7 0 1/[8] 10.0

VI. EXAMINATION OF RAT LIVER ENZYMES: The most desireable of these would
be the enzymes isofunctirnal to those examined in Sections III-V, and rat
liver palmitcyl-SCoA hydrolase. We had expected to begin purification and
study of rat liver carnitine palmitoyltransferase near the end of the SFRP.
However, we could not do this, as a WPAFB-wide spending freeze stopped

purchase of the necessary supplies. The effort will be tabled for now.
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VII. DISCUSSION

In rats given 50 mg/kg PFDA, hepatic levels of the toxicant are
quickly maximized at «500 uM. Hepatic fatty acid levels(particularly,
oleic and palmitic acids)are also elevated quickly. In time, cellular
membranes become more fluid, less permeable and less fragile. These occur-
rences are deemed important to the toxicity of PFDA and related chemicals.
It appeared that changes of the enzymology of liver lipids could be
important components of the toxic response mechanism. Consequently, our
primary aim here has been to examine PFDA interactions with appropriate
enzymes of lipid metabolism and search for effects of interest, those that
could explain the in vivo alterations.

We began our efforts by studying three central, fatty acid-metaboliz-
ing enzymes available in purified form, acyl-SCoA synthetase(Pseudomonas),
acyl-SCoA oxidase(Candida) and carnitine acetyltransferse(pigeon muscle).
If effects of interest were obtained, our next aim --planned to begin
near the end of the SFRP and to continue on a more long-term basis-- was
to purify and examine apropriate rat liver enzymes.

Initial guestions that would be asked were: (1) Is PFL converted
well to PFDA-SCoA by the synthetase? (2) What are the effects of PFDA and
PFDA-SCoA on activation of long-chain fatty acids(oleate and palmitate)and
shorter-chain fatty acids(laurate and decanoate)? (3) How do PFDA and
PFDA-SCoA affect the action on palmitoyl-, lauroyl- and decanoyl-SCoA of
acyl-SCoA oxidase? This enzyme could be used to model both peroxisomal
acyl-SCoA oxidase and isofunctional mitochondrial acyl-SCoSA dehydrogenase.
(4) what would be the results of PFDA and PFDA-SCoA interaction with
pigeon muscle carnitine acetyltransferase, model for carnitine acyltrans-
ferases of rat liver? It was to be remembered that observed effects of
interest would mostly provide inferences that would make it potentially
worthwhile to expend the time and expense needed to purify the rat enzymes
in house for study of their interactions with PFDA. Our studies thus far
have lead to the following observations of interest.

First, as to acyl-SCoA synthetase, we found(Fig. 1) that with 73 and

730 uM PFDA the enzyme made PFDA-SCoOA very slowly compared to production
of palmitoyl-SCoA . This suggested that PFDA-SCoA might be made only slowly
by the comparable enzymes of rat liver and that it might be involved mostly
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in "late"(9) effects of PFDA administration. By comparison(Fig.3), decano-
ate was almost as good a substrate as equimolar palmitate. PFDA inhibited
palmitoyl-SCoA, oleoyl-SCoA, lauroyl-SCoA and decanoyl-SCoA formation in
vitro. Palmitoyl-SCoA and olecyl-SCoA formation were inhibited mcre than
that of the shorter-chain fatty acids(Figs.2 & 3). These data, extrapolated
to rat liver, have potential importance, in that extensive inhibition of
palmitoyl-SCoA and oleoyl-SCoA formation in that organ could lead to eleva-
tion of free palmitate and oleate levels, as well as to less long-chain
acyl-SCoa available for energy formation and/or membrane lipid synthesis.

It must be noted that PFDA is probably a competitive inhibitor of
acyl-SCoA synthesis(Fig. 4). As such, it is [PFDA]/[fatty acid] that is
important (e,g., Fig. 4 shows that with [PFDA]/[palmitate]= 3-4, formation
of palmitoyl-SCoA was inhibited up to 30%). With 500 pM PFDA in the liver
cell, significant inhibition could be expected with up to 300 uM palmitate.
The total of the 6 major fatty acid levels in normal liver averages about
25 mM (9). Because [PFDA]/[Total Major Fatty Acids] is therefore .02, it
would seem that PFDA inhibition of the synthetase is probably potential
rather than realized, if the enzyme approxinates the rat liver enzyme.
However, the Pseudomonas enzyme is not kinetically the same as the rat
enzyme. Perhaps the rat enzyme should be examined briefly for this reason.
More importantly, examination of the rat enzyme should be undertaken to
clarify issues relating to PFD-SCoA. That is: Is this compound, unavailable
during my SFRP period, the inhibitor of real interest? Is it made by the
rat enzyme? At what rate is it made ?

As to acyl-SCoA oxidase, PFDA-SCoOA was not available for testing, but

PFDA inhibited enzyme-catalyzed oxidation of palmitoyl-SCoA, lauroyl-SCoA
and decanoyl~SCoA. Fig. 5 shows PFDA inhibition with 146 pM palmitoyl-SCoA
was much weaker than with equimolar laurcyl-SCoA or decanoyl-SCoA. Kinetic
examination of the PFDA effect with palmitoyl-SCoA and decanoyl-SCoA(repre-
entative long- and shorter-chain acyl-SCoAs)showed(Fig. 7) that the inhib-
itions(e.g., Fig. 7)were competitive and that the respective KIS were
593150 and 766.0 pM. Thus, once again, it is the [PFDA]/[substrate]
that determines the extent of inhibition. Consequently, to acertain the
relevance of the PFDA effect in vivo, it is necessary to know what the
acyl-SCoA levels in rat liver are.

Recently, it was reported(15) that the hepatic long chain acyl-SCod is

125 uM in rats. As the maximum early PFDA concentration in liver averages
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about 500 uM, the [PFDA]/(Total Long Chain Acyl-SCoA] is near 4. This
(see Fig. 6)would be expected to give about 40% inhibition of palmitoyl-
SCoA oxidation and almost complete inhibition of oxidation of the shorter
acyl-SCoAs. If the rat enzyme is similar, oxidation of palmitoyl-SCoA(and
perhaps other long chain acyl-SCoAs)could be less extensive than usual and
might diminish energy production from fatty acid oxidation. In addition,
oxidation of long chain fatty acids would almost cease once C-10 or C-12
acyl-SCoAs were produced. Not only would this diminish energy production,
but shorter acyl-SCoAs could accumulate and be incorporated into complex
lipids more extensively. In turn, such incorporation could contribute to
observed changes of properties of membranes and other complex lipids.

Finally, as concerns carnitine acetyltransferase, the transfer of

acetyl butyryl, hexanoyl and octanoyl groups from acyl-SCoAs to carnitine
was inhibited by PFDA. A [PFDA]/[acyl-SCoA] of .40, diminished hexanoyl and
acetyl transfer by 49.215.5% and 43.41.70%. The inhibition of acetyl
transfer to carnitine was competitive with respect to acetyl-SCoA(Fig. 8),
with a KI of 111415 pM. Thus, the basis for acetyl-transfer inhibition

by PFDA here is the [PFDA]/[substrate]. If the carnitine acetyltransferase
models long-chain carnitine acyltransferases appropriately, then 500 pM
PFDA in livers of treated rats would cause significant acyltransferase
inhibition even if 2 mM acyl-SCoA or acetyl-SCoA were present. Thus, it
seems possible that in vivo, PFDA inhibition of carnitine acyltransferases
in rat liver might act to minimize acetyl and other acyl transfer across
the mitochondrial membrane. This could diminish energy production and other
important aspects of fatty acid metabolism/utilization necessary for
normality. Even, if the puzzling, noncompetitive inhibition of octancyl-
ransfer we observed(Fig. 9) is the rule for longer acyl-SCoAs, its 76.0-28
M KI would indicate that PFDA was a potent inhibitor of utilization of
acyl-SCoA utilization and have similar results on fatty acid metabolism.

Again it is unfortunate that PFDA-SCoA was not available for testing.

VIII. RECOMMENDATIONS FOR ADDITIONAL STUDY -This assumes funding of a RIP

Grant.

1. Briefly examine the effect of PFDA-SCoA as an inhibitor of the
3 enzymes already tested. This will determine whether PFDA-SCoA is more
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effective than PFDA.

2. Purify rat liver palmitoyl-SCcA synthetase, palmitoyl-SCoA oxidase
palmitoyl-SCoA dehydrogenase and carnitine acyltransferases by methods
reported by other labs.

3. Test these purified enzymes to identify the inhibitory effects
of PFDA and PFDA-SCoA.

4. Examine the ability of rat liver palmitoyl-SCoA synthetase to
make PFDA-SCOA.

5. Examine, or plan to examine, other crucial enzymes of fatty acid
metabolism in rat liver(e.g., palmitoyl-SCoA hydrolase, acyl desaturase)
and how to use the group of 7 or more enzymes assess the toxicity of poten-

tially hazardous chemicals(e.g., CTFE) minimizing in vivo studies.
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Perfluorodecanoic Acid Efflux from

Cultured Primary Rat Hepatocytes

by
Andrew P. Whipple

ABSTRACT

The interaction of perfluorodecancic acid (PFDA) with cultured
rat hepatocytes is very dynamic, with both uptake and efflux of PFDA
occurring very rapidly. Just as earlier studies demonstrated nearly
maximal uptake levels within one hour, and no significant increase in
cell-associated PFDA over 24 hours, so is the rate of efflux of PFDA
from rat hepatocytes cultured on collagen-coated dishes rapid. Re-
gardless of whether the cells were loaded with 14C—labeled PFDA for
4 hours or 24 hours, when the cultures were switched to media without
labeled PFDA a dramatic drop in cell-associated 14C occurred. The
loss of this PFLCA from the cells was the same regardless of whether or
not unlabeled PFDA was present in the medium. About half was lost in
the first five minutes and by 40 minutes less than 5% of the 14C-PFDA
was still cell-associated. By 4 hours less than 27 reamined and by

24 hours only about 1%, indistinguishable from background levels.
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I. INTRODUCTION:

Perfluorodecanoic acid (PFDA) is a ten-carbon straight-chain perfluorin-
ated fatty acid initially thought to exhibit little toxicity. The use

of perfluorinated organics in ways leading to the exposure of personnel,
such as in aqueous film-forming foams as fire extinguishants or possibly

as vascular fluid replacement, demands an assessment of the toxicity of

substances such as PFDA. PFDA may also serve as a model for the toxicity

of other chemicals such as chlorotrifluoroethylene.

The Biochemistry Branch of the Toxic Hazards Division of the Air Force
Aerospace Medical Research Laboratory at Wright-Patterson Air Force Base
is actively involved in such an evaluation of the toxicological proper-
ties of PFDA and in building toxicokinetic models for this and other
compounds. Whole animal studies have been conducted on rats, mice,
guinea pigs, and hamsters in which the pathological effects on diverse
pody tissues, differential species morbidity and mortality, and altera-
tions in lipid metabolism have been determined (1). The results of
these studies suggest acentral role for the liver in the toxicity of
PFDA and in the animals' response to this chemical insult via cellular

and metabolic alterations (2).

In vitro toxicological studies have several advantages over in vivo
(whole animal) studies. In vitro systems are less complex and more
amenable to experimental manipulation than are intact animals. The
amount of tissue is smaller and hence the amounts of intoxicants and

of other materials such as radiotracers that are required are smaller
and more easily contained than in whole animal systems. Disadvantages
of in vitro work include the necessarily artificial setting in which
isolated organs and tissues are maintained apart from the normal homeo-
static mechanisms of the body, and hence the need for specialized
equipment and for personnel with specific training and experience in

the art of cell and tissue culture.
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My research interests and experience are in the area of cell biology
and especially in utilizing cell culture methodology to study cellﬁlar
and metabolic events in response to alterations in the external envi-
ronment. This matches well with the Toxic Hazards Division's recent
move into utilizing in vitro techniques in addition to whole animal
studies in its assessment of the toxicology of PFDA and other chemicals.
My experience in manipulating cells and biochemicals and in studying
their interactions allowed me to readily and fairly independently

study the interaction of PFDA with two different cell types last year,
and my experience working one summer with the Toxic Hazards Division

has prepared me well for this summer's research activities.

II. OBJECTIVES OF THE RESEARCH EFFORT:

The first objective was to become proficient in the isolation of
hepatocytes from perfused rat livers and in the initiation of cul-

tures of these hepatocytes. The second objective was to obtain kinetic
data on the rate of target cell uptake and efflux of radiolabeled PFDA
and is an extension of last year's work. The third objective was to
determine the intracellular distribution of radiolabeled PFDA in the
target cells, primary rat hepatocytes, over time under uptake and efflux
conditions in order to understand how hepatocytes handle the PFDA intern-
ally. Additional ancillary technical objectives were also a part of

this summer's research activities and will be discussed.

III. a. Developing a proficiency in the techniques of rat liver
perfusion and hepatocyte isolation and culture is simply a matter of
doing same with the instruction and patient assistance of those already
adept. Since I already am well trained in cell culture techniques and
did culture hepatocytes last year the emphasis was on hepatocyte isola-

tion and rat liver perfusion.

b. During the course of this summer I took part in about ten rat liver
perfusions and performed every role several times, from injecting the

anesthesia to teasing the hepatocytes free of the digested liver.
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I also set up and took down the equipment and feel confident that I can
set up a similar operation at my home institution. The isolation of the
hepatocytes is a less complex procedure involving several centrifugations
including a density-dependent centrifugation through Percoll, and I have
performed all of these steps as well. I do think I am ready to start with

a rat and successfully end up with primary hepatocyte cultures.

IV. a. Kinetic data on uptake and efflux were obtained in preliminary
experiments designed to debug the system (not shown) and then experiments
on PFDA efflux were performed as described in the legend to figure 1.

b. Hepatocytes were loaded with 14C-PFDA for 4 hours or 24 hours, and
efflux was performed in a vast excess of 14C—PFDA free medium with or
without 10 ug/ml cold PFDA (figure 1). Under all these conditions identi-
cal efflux curves were obtained (each data point is the mean + 1 SD of

3 values). Efflux is quite rapid with about half the PFDA gone at 5
minutes and less than 5% remaining at 1 hour. By 24 hours only about 1%
of the PFDA is still associated with the cells. A small amount of PFDA

is present in the wells with no cells, constituting a small background
relative to the cell-associated PFDA at early time points. By 4 and 24
hours of efflux the difference between cell-associated and background

PFDA is very slight indicating that most of the cell-associated PFDA has
exited the cells at these times. These results in ccmbination with those
for uptake obtained last year (5) demonstrate that the flow of PFDA in and
out of cultured hepatocytes is very dynamic. Taken alone these efflux
data suggest that only a very small amount of PFDA becomes stably associated
with hepatocytes and that therefore only very small amounts are actually
involved in PFDA toxicity. Hepatocytes do preferentially retain PFDA
compared to other cells as determined both in vivo and in vitro even though

the actual amounts retai 'd may be quite small.

V. a. The determination of the intracellular distribution of PFDA was

not attempted due to lack of time.

116-6




3,0

N

CELLS
w 3
oot SR
a 2 -

o/, PFDA REHUMWNIVG  WNTH
— ﬁ L
> ~ . 3
v ¢

(]
7L -nm/vaad

—

12

Los
0%0
0.l

10 0.60

bous
d L

Q31M2088¥W-112)

TIMg (HOveS)

Figure 1. Efflux of 14C-PFDA from hepatocytes attached to collagen-
coated multiwell plates. 0.3 ml of 10 ug/nl PFDA was added to each
well to load the cells with PFDA for 4 hours (0,®) or 24 hours (4,4)
replaced with 2.0 ml/well of medium with 10 ug/ml unlabeled PFDA (0,4)
or with 2.0 ml/well of PFDA-free medium (®,8), and then the 2.0 ml/well
removed at the times indicated and the attached cells harvested for
counting. One set of wells without cells (x) was loaded for 18 hours

and then processed as the others to determine non-specific PFDA associa-

tion with the wells.
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VI. a. The substantial effort in isolating viable hepatocytes is

so successful, and the number of hepatocytes utilized in in vitro studies
is so small, that many more cells are available from one liver perfusion
than can be immediately used. Since cellular viability drops signifi-
cantly within hours when the cells are kept in suspension, and since
viability and metabolic integrity decreases significantly in a few days
when the cells are cultured in collagen-coated dishes, there is a need

to preserve the viability and integrity of the cells once isolated so

all the isolated cells may be utilized. One approach is to alter culture
conditions so that functional hepatocytes continue in culture for weeks
rather than days, and another approach is to freeze the freshly isolated
cells and then thaw them and initiate cultures at convenient times later

on. In this study the latter was attempted.

b. Freshly isolated hepatocytes were resuspended at lO6 cells/ml in
medium L15B supplemented with 10% fetal bovine serum and 10% dimethyl-
sulfoxide and one ml aliquots placed into freezing vials. In lieu of a
computer-controlled cooler used successfully for freezing hepatocytes ( 3)
the vials were placed in the refrigerator for one hour, then the -20°C
freezer for one hour, then the -40°C freezer for ome hour, and then
immersed in liquid nitrogen, a process which can slowly cool cells with
retention of viability. After storage in liquid nitrogen for 24 hours
vials were quickly thawed in a 37°C water bath and placed in 3 ml of
medjum L15B in collagen-coated 60mm dishes. The medium was supplemented
with dexamethasone to enhance attachment. After 4 hours very few if any
cells had attached or appeared viable by trypan blue exclusion. Since
this was attempted with cells from PFDA-treated rats which were probably
already weakened, greater success might be obtained using cells from un-

treated rats.

VII. a. Given that PFDA exerts toxic effects on the liver, and on hepa-
tocytes, it becomes of interest not only to assess the nature of the
association of PFDA with the liver and with isolated hepatocytes, but
also to determine the kinetics of and nature of the PFDA association

with different subcellular fractions of hepatocytes. This requires a
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means of homogenizing cells rapidly and without damage to the nuclei
followed by fractionation of the resulting homogenate. Since the asso-
ciation of PFDA with hepatocytes is so dynamic, with uptake and efflux
occurring quite rapidly, it is particularly desireable that a means be
found to rapidly yet gently disrupt the cells for centrifugal fractiona-
tion. Three methods were planned: sonication, Dounce homogenization,
and a motor-driven Teflon pestle in a glass mortar (Potter-Elvehjem

type homogenizer). 1In all cases isolated hepatocytes were suspended in
0.25M sucrose in pH 8.1 tris-acetate buffer at 106 cells/ml for homogen-

ization, and the homogenizations were performed on 1ice.

b. Sonication gave results best characterized as all-or-none. Varying
the time from 5 to 10 seconds and the percent of full power from the
lowest (20%) to 100% either gave suspensions without visible signs of
disruption as viewed with phase contrast or Nomarski differential inter-
ference optics, or homogenates with few if any intact nuclei. Dounce
homogenization of 10 ml of cell suspension was too gentle. The loose
fitting pestle was without effect, and the tight fitting pestle, even
when used in a very vigorous fashion for up to 50 strokes only broke
open 50 - 80% of the cells and then only with more than 20 strokes.
Nuclei did appear to be intact after Dounce homogenization. Attempts

to weaken cells by first sonicating without disruption, followed by
Dounce homogenization, did not improve the yield beyond that obtained
through using the Dounce homogenizer alone. Due to a lack of adequate
hepatocytes on two occaisions and at last to a lack of time, isolated
hepatocytes were not subjected to homogenization in the motor-driven
Teflon pestle / glass mortar homogenizer. It is puzzling and unfortunate
that the Dounce homogenization did not work since this method was de-

vised in order to maintain nuclear integrity.

VIII. a. Cell harvesting for counting cell-associated radioactive PFDA
must be complete in order to obtain relaible results. Scraoing with a

rubber policeman might work well for dishes but is inapprpriate for the
much smaller weels of a 24 well multi-well plate. In current protocols

the cells to be harvested remain attached to collagen-coated wells
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without medium for up to 24 hours. This dessication renders the cells
less easily removed by collagenase, as found in last year's study.
Therefore another enzymatic preparation, a neutral protease mixture

(Dispase) was tried as well as extended collagenase digestion.

b. Enough Dispase or collagensae (0.25 - 0.30 ml) to cover the bottom
of the well was aliquoted per well and then the plates were incubated
at 37°C. There seemed to be no difference in the efficacy of the two
enzymes in releasing the cells from the collagen-coated plates. In
cultures which were covered with medium up until the protease applica-
tion, cells floated free within 30 minutes. In cultures which were

dry for 24 hours no cells were released after 2 hours of protease treat-
ment, although the monolayers could be removed after 30 - 60 minutes by
scraping and pipetting with the plastic tip of the pipettor. Since
collagenase at 6C0 mg/ml is cheaper, clearer, and contains less dis-
solved material than the Dispase solution, collagenase is preferable for
this harvesting procedure where cell viability is not important. An
incubation of 2 hours length followed by scraping and pipetting to re-

lease the hepatocytes has been incorporated into the standard protocol.

IX. a. In order to measure the radioactivity in cell suspensions harvest-
ed by protease treatment (see previous section), the suspensions were
placed'in combusto-cones (Packard), dried, and processed through the
Packard tissue oxidizer, Although this device is designed to burn pieces
of wet tissue repeatedly without becoming fouled and inoperational, the
seemingly small amounts of cells/collagen/collagenase regularly befouled
the oxidizer with soot and led to spec~check readings of 50% and lower.

The following are empirically derived suggestions to lessen such problems.

b. First, use combustaid at 0.1 ml/cone. This cured the problem almost
entirely, at least for several hours continuous operation while burning
more than 100 samples. As per operating instructions the combustaid

was added immediately prior to burning and as a result little soot
appeared in the plastic lines of the oxidizer or in the wash/waste water.
Second, carefully watch each burn itself, the bubbling of the waste

container, and the accumulation of soot in the lines and in the waste
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water. There should be little soot and lots of bubbles. If the bubbling
seems weak, flush the long line on the right with water and check the
pressure of this line and of the waste line. They should both be steady
and at about 19 PSI (actuallly about 13 PSI but our pressure gauage is
inaccurate). Third, periodically clean the lines with a pipecleaner
wherever soot has collected - do this every 12 samples or so). Also
clean the metal tubes leading from the burning chamber and to the waste
vial. Once a day flush the condenser with methanol until satisfied that

it is clean.

X. Recommendations. The following section will start with a consideration
of possible research directly tied to the work of this summer and then will
broaden into activites involving both cultured hepatocytes and in vivo
studies. Some possible studies mentioned are already planned or underway
and are placed in this report not to establish their origin with this
author but rather to provide a context in which other related ideas may

be developed. View this section as a literature review and idea source.

1. What is the nature of the interaction of PFDA with isolated rat hepa-
tocytes? This is simply a recommmendation to continue studying the up-
take, efflux, and subcellular distribution of 14C-labeled PFDA by cultured
hepatocytes. Since transport mechanisms in isolated hepatocytes, the
perfused liver, and the liver in vivo are experimentally equivalent ( ),
this is a valid approach to understanding some aspects of the PFDA-

liver interaction.

a. Several recommendations regarding uptake and efflux studies are in
my final report from last year (5 ).

b. Since other substances are known to affect the binding of free
fatty acids (FFA) to albumen (6 ), and since PFDA avidly binds to
albumen which then affects its interaction with cells, it would
be instructive to determine what effects PFDA has on albumen-FFA

binding, and vice-~versa.
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c. Hepatocytes exposed in vivo to PFDA could be isolated and their
PFDA handling characteristics compared to those of cells from
unexposed animals. Does in vivo exposure to PFDA alter uptake/
efflux charcteristics of PFDA measured in vitro?

d. The subcellular distribution of PFDA and its metabolites is as yet
unknown. Studies on the subcellular distribution and metabolism of
IgA ( 7), PCBs (8 ). astemizole (9 ), and plutonium (10) suggest

such studies are feasible given successful cell fractionation (11).

2. How is PFDA metabolized by hepatocytes? An understanding of PFDA

PFDA metabolism by hepatocytes would include identifying and quantifying
metabolites, determining what enzymes of lipid metabolism are affected by
PFDA and its metabolites, and assessing whether the synthesis of any of
these enzymes is inhibited or stimulated by PFDA treatment. Since these
studies have been planned by others or are already underway, there are only
a few additional recommendations or suggestions.

a. PFDA might serve as essentially non-metabolized FFA analog for
studies of FFA uptake and intracellular transport as well as other
aspects of lipid metabolism.

b. Due to its relative metabolic inertness and its long-term reten-
tion in the body PFDA might provide a very stable, chronic modifier
of lipid metabolism potentially useful in both research and clinical

settings.

3. 1Is there a role for fatty acid binding proteins (FABP) in handling PFDA?
Just as albumen and other serum proteins are involved in the transport and
sequestration of FFA in the blood, several cellular proteins which prefer-
entially bind FFA might be involved in the uptake (12), intracellular
transport (13), and metabolism (14) of PFDA. Although the cytosolic FABP
(15) and membrane FABP (12) of rat hepatocytes preferentially binds long-
chain fatty acids, the observation that PFDA affects FFA metabolism by
the liver (16) indicates that this could be a site of PFDA action.

a. Rat hepatocyte cytosolic FABP is increased by the following:

starvation {(17), clofibrate (17), and chemical carinogenesis by

2~acetylaminofluorine (18). Does PFDA cause increases in FABP?
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b. Upon starvation the 14K FABP is converted to a 400K form (19).
Does this occur with PFDA?

¢. An assay for protein-bound versus free fatty acids using Lipidex
1000 (20) might be useful in these studies.

d. Aside from liver the other main target of PFDA is thought to be
the kidney. There is a kidney FABP (21) so these studies could

be extended to renal cells.

4. How is PFDA toxicity associated with peroxisome proliferation?
PFDA induces peroxisome proliferation in rat liver in vivo (22,23)and
in vitro (24). Other treatments that induce peroxisome proliferation
include starvation, hypolipidemic agents, and high dietary fat (25).
The common ground to all of these appears to be elevated cellular
1lipid levels which then in some manner stimulate peroxisome proliferation.
a. Specfic peroxisomal enzymes are increased as peroxisome prolif-
eration is stimulated ( 26 ). Are these or other peroxisomal
enzymes induced by PFDA?
b. Peroxisome proliferators increase the amount of FABP (27) and of
FABP mRNA (28). Does PFDA cause such increases?

c. Inhibition of carnitine acetyl transferase blocks the benzafibrate

induced peroxisome proliferation response (29). Will such inhibition

block PFDA-induced peroxisome proliferation?

5. Are any aspects of PFDA toxicity, especially anorexia, weight loss,
and loss of body fat and protein, mediated by the cytokine cachectin?
Cachectin is known to mediate cachexia in certain parasitic and malignant
diseases (30) and many aspects of this state are are similar to the condi-
tion in animals dosed with PFDA. It is possible that specific hepato-
toxic effects of PFDA require only very low levels of hepatic PFDA and
that many aspects pf PFDA toxicity result from a generalized systemic
toxicity as excess PFDA spills over from the liver to other organs. PFDA-
induced cachexia could be achieved by low levels of PFDA specifically
altering liver lipid metabolism in such a way as to feedback and block

further input of dietary lipid (that is, the continued presence of PFDA
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sends the metabolic message that excess/saturating levels of FFAs are

present). Alternatively PFDA cachexia might originate in several diff-

erent organs but only in the presence of higher PFDA concentrations.

a.

Dose animals with lower PFDA amounts to attempt a distinction
between specific (low PFDA levels) and generalized (high PFDA
levels spilling over into other organs) PFDA toxicity. This is

in the context of cachexia and cachectin but could be used with
other toxicologic parameters of interast.

Lipoprotein lipase is suppressed by cachectin in adipocytes (31).
Does PFDA have this effect?

Cachectin alters gene expression by decreasing the expression of
lipogenic genes in adipocytes (32). Does PFDA have this effect?
Hepatic acute phase gene expression is regulated by cachectin (33).

Does PFDA have this effect?

6. How can hepatocyte cultures be maintained with greater hepatocyte

integrity for greater lengths of time? This need was discussed earlier

in this report; following are suggestions to achieve better hepatocyte

culture.

a.

Several suggestions including altering media composition, culture
substrate and gasoeous environment were presented in last year's
final report ( 5).

Sustitute ornithine for arginine in the medium. This prevents the
overgrowth of hepatic parenchymal cells by other cell types and
could be useful if not essential for long-term cultures(34).
Decrease or delete cystine in the medium in order to maintain
P-450 levels (35). Other media formulations have also been reported
to enhance P-450 maintenance (36).

Autophagocytic protein degradation is a significant problem in
hepatocyte culture (37). Media designed to overcome this focus

on amino acid supplementation (38).
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7.

Additional comments.

a.

Many of these suggestions require the use of 14C-PFDA which is

in short supply. Careful consideration of its use will dictate

what might be done.

Several of the suggestions deal with the possible induction or

repression of specific protein synthesis. In order to avoid

an unfocused effort at establishing a role for alteration of

gene expression as a component of PFDA toxicity the following

are offered:

1. Known proteins with established molecular weights (and
possibly known isoelectric points) which might well be affected
include a) peroxisomal enzymes, b) fatty acid binding proteins
(both cytosolic and membrane), c)acute phase response proteins,
d) enzymes of lipid metabolism. These are referred to else-
where in this report.

2. Utilization of antibodies to immunoprecipitate from a cell
homogenate proteins of interest. This, combined with a
radiolabel for de novo protein synthesis, could very nicely

demonstrate effects of PFDA on protein synthesis.
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DETERMINATION OF PERFLUORO-N-DECANOIC ACID TOXICTTY IN VITRO

by

Frank A. Witzmann, Ph.D.

ABSTRACT

Preliminary studies were conducted to assess the effect of
perfluoro-n-decanoic acid (PFDA) on the two-dimensional protein
pattern of cultured human peripheral lymphocytes and their spent
media as well as rat liver cell fractions (cytosol, microsomes,
and mitochondria) exposed to PFDA in vivo. Previous
investigations of PFDA toxicity, which closely resembles that of
dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin), have been directed
primarily at the liver though numerous other organs are PFDA
targets. Among these is the thymus where PFDA-induced atrophy
suggests immunodepressant activity. Despite such studies,
specific PFDA effects on lymphocytes have not been well
characterized. 1In the present studies, sample proteins from i-a
vitro and in vivo experiments were separated by 2D-PAGE and
visualized by polychromatic silver and Coomassie blue staining
procedures. In the in vitro studies, various cellular proteins
were altered as a result of PFDA exposure such that expression ¢’
specific proteins was either enhanced, diminished, or abolished
entirely. Proteins of presumable cellular origin appeared in the
spent culture medium as a result of PFDA exposure despite little
or no in vitro cell lysis. Similarly, proteins from liver cells
exposed to PFDA in vivo demonstrated several significant
alterations. Foremost among the three fractions studied were
protein additions and deletions in the microsomal fraction. While
identification of the effected proteins awaits further study,
these results lend support to the notion that in vitro toxicity
testing methods may serve as viable adjuncts to traditional
systems with the inclusion of two-dimensional polyacrylamide gel
electrophoresis.
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I. INTRODUCTION

The investigation of fluorocarbon toxicity has been of
principal interest to the Aerospace Medical Research Laboratory’s
Toxic Hazards Division for nearly a decade. Previously, the
toxicity of fluorocarbons had been thought to be negligible. The
finding that the medium chain perfluorinated fatty acid,
perfluoro-n~decanoic acid (PFDA), was not only toxic to rodents
but closely resembled dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin)
in its effects stimulated greater interest in this specific
compound.

Since this original observation (1), numerous studies have
characterized the systemic effects and in some cases the cellular
effects of PFDA exposure in rodents. It is clear that PFDa
exposure near the LD50 of 41 mg/kg in rats results in acute
anorexia and weight loss, thymic and testicular atrophy, bone
marrow depression, extreme hepatomegaly, loss of normal hepatic
architecture (1,15), and peroxisome proliferation (12,13).
Furthermore, a significant alteration in hepatic lipid metabolism
has been indicated by qualitative and quantitative alterations in
hepatic fatty acid composition and cholesterol levels (10,15).

In an effort to develop a new approach toward better
understanding of PFDA toxicity, a year ago this author
investigated the influence of PFDA on L5178Y mouse lymphoma cells
in vitro (18). This study not only confirmed previous
observations (14) but demonstrated that PFDA cytotoxicity was
associated with altered expression of both intra- and ' .
extracellular protein species. While these results are
enlightening, their extrapolation to human cytoxicity is of
marginal value.

The present SFRP Project was thus designed to expose human
peripheral lymphocytes to PFDA in vitro to determine not only the
nature of its toxicity in human cells but also to verify its
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potential immunosuppressant capability. In light of the previous
work done on the rat liver, it was also the intention of this
investigator to determine the extent of protein pattern alteration
in liver cells exposed to PFDA in vivo. As in last year’s study
(18), qualitative and quantitative alterations in cellular protein
pattern were designated as the primary indicators of toxic

effect. As will be described, protein patterns were generated by
two-dimensional polyacrylamide gel electrophoresis, a novel
procedure which allows the separation of complex mixtures of
proteins with high resolution and reproducibility. The method is
characterized by the electrophoretic separation of proteins first
on the basis of their individual charge characteristics
(isoelectric focusing) in one dimension and then on the basis of
their molecular weight (sodium dodecyl sulfate electrophoresis) in
the second dimension. The implementation of this procedure
results in distinctive patterns of protein spots which are
visualized by sensitive staining procedures and compared within a
large number of experimental conditions. Above all, this
methodology is particularly suitable for toxicological studies in
which one can expect alterations in regulatory cellular metabolic
activities and/or architectural features, both of which are
governed by the cell’s protein complement.

IT. OBJECTIVES
A. Preliminary Objectives.

1. One phase of the summer project related to the
preliminary generation of protein patterns from rat hepatocytes
and cell fractions from liver homogenates and the determination of
in vivo PFDA exposure on those patterns. It was anticipated that
2D gels would be obtained from groups representing a variety of
experimental and procedural conditions. These efforts were
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intended to provide intial baseline observations regarding PFDA’s
in vivo effects on the rat liver.

2. A second phase was to involve the investigation of
the influence of PFDA on human peripheral lymphocytes in vitro.
As a result of the experimentation, 2D-PAGE electrophoretograms
were to be generated, containing protein mixtures from either cell
lysates or their corresponding spent culture medium. It was
anticipated that alterations in the protein patterns so generated
would significantly add to our current understanding of PFDA’s
toxic mechanism.

ITII. APPROACH
A. Liver Sample Preparation. Rats used in this portion of

the study were injected ip with either 20 or 50 mg PFDA/kg body
weight. Twenty-four hours later, pair-fed control rats were
injected with the 50% propylene glycol vehicle. Eight days after
the PFDA or vehicle injections the rats were killed and the livers
removed. Each liver was weighed and homogenized in four volumes
of 0.25 M sucrose containing 1 mM EDTA and 0.1% ethanol using a
Polytron homogenizer. The homogenates were then fractionated by
differential centrifugation (11) and those fractions containing
either cytosol, mitochondria, or microsomes collected. These
fractions were solubilized for 2D-PAGE by mixing an aliquot of
each with an appropriate volume of lysis buffer (7) to give a
final protein concentration of 2 mg/ml.

Hepatocytes from similarly treated rats were isolated by a
liver perfusion procedure previously described (17) and
solubilized to give a final protein concentration of 2-3 mg/ml.
All protein concentration determinations were made prior to
solubilization using a commercial Coomassie Blue G-250 protein
assay (Pierce Chemical Co.).
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B. Lymphocyte preparation. Blood samples were obtained by
standard venopuncture procedures from donors who signed
appropriate informed consent forms. Equal quantities of blood
were mixed with Sepracell-MC separation medium and centrifuged for
20 minutes at 1500 X g (3000 rpm). The band of monocytic cells
were removed from each tube and resuspended twice in 3-4 volumes
phosphate buffered saline (PBS) containing 0.1% albumin.

Following these washes, the cells were counted via Coulter counter
and adjusted to the required concentration with RPMI-1640 medium
plus pyruvate and Nutridoma HU. After mixing, 2 X 10° cells

were added to each of 24 wells on a multi-well plate along with
either 0,2,6, or 8 ug/mL PFDA. Quadruplicate cultures were then
incubated for 24 hours at 37° C under 5% CO, atmosphere.

Incubated cells were pelleted by centrifugation and washed
with 1 mL PBS prior to solubilization. As with the liver samples,
lysis buffer was added to the cell pellets such that the final
concentration was approximately 2.5 X 107 cells/mL (2 mg
protein/mL) .

C. Spent medium sample preparation. After the initial
postincubation centrifugation step by which cells were collected,
the supernate was collected and frozen at -70° C. To
concentrate the extremely small quantities of protein in the spent
culture medium, the frozen medium was thawed and to it an aliquot
of a 10% diatomaceous earth suspension was added to make a final
diatomaceous earth concentration of 2%. Proteins were adsorbed to
the diatomaceous earth over a two hour period with gentle rocking,
the mixture centrifuged at 13,000 X g for 10 minutes, and the
proteins solubilized with the addition of lysis buffer (100 uL/per
original 1.5 mL medium) (8).

D. Electrophoresis. Sample proteins were separated

electrophoretically using a modification of the ISO-DALT technique
(2,3) whose technical aspects are described in detail (7) and
briefly described here. Polyacrylamide tube gels (ISO gels) were
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cast simultaneously in each of 20 ISO tubes (1.5 mm dia.) by
hydrostatic displacement. Gels were prefocused for 1 hour at
200V, samples added (20-30 ul), and focused for 14,000 V'hr

(700V for 20 hours). After extruding the ISO gels from their
tubes they were equilibrated for 15 minutes in an SDS and
bromophenol blue containing buffer, frozen at -70° ¢, and stored
for later separation in the second dimension. DALT slab gels were
prepared pouring a 12.5% acrylamide mixture into a multigel plate
casting chamber (BIO-RAD) and polymerizing for one hour.
Subsequently, each DALT slab gel was loaded with an ISO gel and
placed in a BIO-RAD multi-cell slab gel apparatus. Six slab gels
were then run at 150V at 4° C until the bromophenol blue

tracking dye ran off the gel (approx. 18 hours).

E. Protein visualization. 2D gels containing liver cell
fractions were stained by either Coomassie blue (7) or
polychromatic silver stains (16) and in some cases duplicate gels
were stained with each procedure. Gels containing lymphocyte and
spent medium proteins were stained exclusively by silver stain.
Once protein spots were obtained, comparisons of gels representing
different experimental conditions were made by visual inspection.
Permament records of stained gels were made by phtographing the
gels on a fluoresecent light box with Panatomic-X black and white
film and with Ektachrome color slide film. Black and white prints
were made by conventional processing techniques while color prints
on Cibachrome paper were made from the slides by a color contact
printing procedure (9).
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IV. RESULTS AND DISCUSSION

A. Liver studies. 2D gels from fractionated whole liver
homogenates that were stained with the GELCODE system (16)
displayed hundreds of protein spots throughout the MW and pH
ranges incorporated on the gels. The cytosol fraction was
relatively free of background staining and smearing and
demonstrated only a few significant pattern alterations with PFDA
exposure. Crowding of protein spots representing those with MW of
25 kD and above in the upper 67% of the slab gel suggests the need
for exponential gradient gels in future experimen:s.

Mitochondrial fractions exhibited significant background
staining and smearing, a problem likely due to the presence of
nucleic acids (7). This troublesome contamination, peculiar to
silver staining, can easily be remedied by improved differential
centrifugation methods and including a minimum 100,000 X g spin
after protein solubilization with lysis buffer. Despite the
shortcomings of these particular gels, PFDA exposure did alter the
protein pattern, qualitatively, in the region where bg
cytochrome is typically located.

The most numerous alterations in protein pattern with PFDA
exposure were observed in the microsomal fraction where at least
20 single or multiple spots were clearly different from control
patterns. Again, severe background staining and smearing was seen
in this fraction, presumably due to the large concentration of
mRNA associated with the endoplasmic reticulum. One protein
believed to be induced by PFDA exposure in the microsomes was seen
only in Coomassie blue stained gels of this fraction. We have
tentatively identified it as an 80 kD peroxisome-associated
enzyme, enoyl-CoA hydratase whose induction by PFDA was previously
documented (13). Since the induction of other detoxifying enzyme
systems is based in the endoplasmic reticulum of the hepatocyte,
the microsomal fraction seems a likely candidate for the observed
protein pattern alterations and certainly warrants further
investigation.
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As expected, isolated hepatocyte protein patterns demonstrated
an extremely complicated pattern of protein spots which included
all of the previously mentioned fractional observations. Previous
2D electrophoretic studies of hepatotoxicity using whole
homogenates or hepatocytes employed Coomassie blue staining
procedures (4,5,6). This is necessarily associated with a high
degree of loss in sensitivity yet a clearer picture of the effects
on the most prevalent protein species is accomplished. 1In future
PFDA investigations, it would be desirable to stain one set of
such 2D gels with the more sensitive silver stain and another more
heavily 1naded set with Coomassie blue.

B. Lymphocyte studies. Under the experimental conditions
described, PFDA exposure of nonproliferating human peripheral
lymphocytes in vitro demonstrated a lesser degree of alteration
than proliferating mouse lymphoma cells studied previously (18).
That is not to say that protein pattern alterations were absent
from these gels. Both cell lysate gels and spent medium gels
exhibited a broad range of quantitative changes in a number of
proteins. Since it was beyond the scope of this study to identify
specific protein spots, no such attempt will be made here.
However, we are encouraged by these findings in such
short~-duration incubations which suggest immunosuppressant
potential and plan to extend and amplify these results in
nonpreoliferating lymphocytes and proliferating cells (those
exposed to mitogens) as well.

V. RECOMMENDATIONS
'A. Liver studies. With respect to the procedural
difficulties which arose during the project, future liver 2D-PAGE
studies must include the following technical improvements:
1. Liver subcellular fractions and isolated hepatocytes
(fractionated or not) must be centrifuged at at least 100,000 X g
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after solubilization to remove nucleic acid especially, and other
insoluble materials which render the polychromatically silver
stained gels with high background and smearing. This will
significantly enhance both visualization and interpretation of the
protein patterns.

2. All liver samples must be prepared in two distinctive
concentrations, one for silver staining and the other (100X) for
Coomassie blue stain.

3. Liver homogenates must be fractionated by a technique
which clearly separates microsomes from mitochondrial
contamination and vice versa. Furthermore, isolation of a
relatively pure peroxisomal fraction would be very desirable.

4. The capability to pour DALT slab gels with an
exponential polyacrylamide concnetration gradients must be
obtained to improve resolution of heavier MW protein species.

This would also greatly enhance pattern interpretation and set the
stage for image ananlysis of such highly resolved patterns.

5. Finally, it would be of significant interest and
relevance to obtain liver cell fractions from dioxin exposed
animals for comparison.

B. Lymphocyte studies. Future investigations of PFDA
toxicity on human peripheral lymphocytes must include the
following:

1. Due to the time constraints associated with a
short-term summer project it was not possible to evaluate
significant variations in the culture medium. In the one set of
incubations that were carried out, PFDA had little effect on cell
number after twenty-four hours, leading us to conclude that little
or no cell lysis occurred. Furthermore, as 2D gels indicate,
alterations in protein pattern were similarly modest. Whether
this implies a lack of PFDA toxicity is not known. More studies
must be carried out in a variety of media with a variety of
additives.
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2. Future lymphocyte studies must evaluate PFDA’s
influence on proliferating cells. To this end it is necessary to
evaluate the suitability of various mitogens alone and in
combination with PFDA exposure.
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nd Intelligent Interf

for Text Retrieval

by

Patricia Ann Carlson

ABSTRACT

The Integrated Maintenance Information System (IMIS) concept is to provide the technician
with all logistical, operational, technical, training, and diagnostic information for aircraft
repair. Because of the sheer amount of information being integrated, user overload is a
significant concern. The traditional solution to this problem of presenting complex
information in a timely fashion is to design a consistent display format and to employ
standard commands. At a deeper level, however, questions of information integration
become issues of information engineering and the nature of knowledge structures. At this

lavel, the definition of user interface takes on a more sophisticated meaning.

The hypertext concept considers a body of knowledge as a database -- potentially a highly
organized, compressed structure of richly interconnected "chunks" -- and allows for flexible
indexing and retrieval by implementing a "smart" interface (a programmable "idea
processing” mechanism). Hypertext, as the backbone for development philosophy, permits
advanced design features -- such as enhanced functionality, customized views, and improved
knowledge synthesis and representation -- which, in turn, increase the user's ability to

interact productively with information.

Any successful electronic publishing system must provide access to text and graphics in a
timely and meaningful fashion. This study identifies three categories of retrieval facilities
and considers their efficacy when combined with hypertext. Because of its structure and
connectivity, a hypergraph (hypertext web) incorporates intelligence, perhaps more than is
possible with most current, static database storage representations. The purpose of this
study is to suggest retrieval facilities that will squeeze as much functionality out of the
hypergraph as possible. The end results of the investigation also include four "toy-worid"
interfaces built to demonstrate the characteristics of information retrievai using a hypertext

database.
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1. INTRODUCTION:

The Air Force Human Resources Laboratory (AFHRL), Logistics and Human Factors Division is
working on a prototype information management system for aircraft maintenance. Proof of
concept, development, and implementation involve parallel research on several software and
hardware projects. A partially ruggedized, portable computer/display unit (PCMAS), an
authoring system for creating online technical orders (APS), and an automated fault isolation
system for troubleshooting (MDAS) are examples of issues in hardware design, software

toals, and Al applications currently being examined.

The functionality envisioned for the full IMIS implementation is summarized in the following

excerpt:

The system will display graphic technical instructions, provide intelligent
diagnostic advice, provide aircraft battle damage assessment aids, analyze
in-flight performance and failure data, analyze aircraft historical data, and access
and interrogate on-board built-in-test capabilities. It will also provide the
technician with easy, efficient methods to receive work orders, report
maintenance actions, order parts from supply, and complete computer-aided
training lessons and simulations. The portable computer will make it possible to
present quality information by taking advantage of the computer's ability to
interact with, and tailor information to, technicians with varying levels of
expertise.

"IMIS: Integrated Maintenance Information System -- Maintenance

Information Delivery Concept”

For the past few years, | have focused my research on methods to improve technical
documentation. | have been particularly interested in document design -- a discipline
concerned with the substance, structure, syntax, and style of text written for a specific

function.

In the past, | have done research projects in document design under the NASA/ASEE
(American Association for Engineering Education) Summer Faculty Research Program.
Much of my work has been in the area of system design for online technical and

instructional data. Representative areas of my research include:

o Screen format for online text -- including issues of menu design, error
messages, and data entry.

0 User support requirements in large, complex computing facilities.

o Rhetoric and software problems in the design of a "dynamic” book.
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o Modeling user interaction with text under a variety of conditions and
constraints.

| was a participant in the 1987 Air Force Summer Faculty Research Program, assigned to
the Human Resource Laboratory at Wright-Patterson AFB. My project was to examine and
repart on the benefits of using hypertext (non-linear text storage and retrieval) as a design

philosophy for IMIS.

1. OBJECTIVES OF THE RESEARCH EFFORT:

As they currently exist, TOs (Technical Orders) represent a paper textbase (usually
multi-volumed, complex, and highly interconnected). Typically, a technician accesses the
material in search of instructions to perform a specific maintenance or repair task. His/her
success in finding the information in a timely fashion depends, in part, upon an understanding
of the organization of the document(s) and on the amount of experience he/she has had with
the system. In shon, users of traditional TOs develop an expertise for finding information in
the paper system. Encapsulating user expertise and providing ease-of-access to electronic

information are priority items for IMIS development.

Traditionally, information retrieval systems have consisted of relatively structured
databases (such as library card catalogs, legal citations, scientific or medical journal
abstracts) which are searched by using keywords, inverted indexing, cross-referencing,
string searches, and pattern matching. These methods can be refined through Boolean iogic
connections (AND, OR, NOT), by designating a proximity (a numerical boundary within which
the combination of query terms must appear), and by indicating scope (the set of entries
over which the search will take place). Clearly, for large, full-text databases blind search
is not feasible. Currently, meaningfully narrowing the search may require the services of a
skilled researcher, who -- in consultation with the end user -- formulates a search strategy

based on preplanning, use of thesauri, and successive iterations.

Low-cost, high-capacity storage devices (particularly CD ROM) have increased interest in
information retrieval (IR) and documents as databases or, more specifically, textbases.
Vannevar Bush's 1945 call for automated, global libraries of text and graphics was refined
by Alan Kay (1975) into the "dynaboock.” Today, various disciplines of information sciences

have pushed these concepts into the realm of reality. Examples of large textbases now or

soon-to-be available on CD ROM include the Qxford English Dictionary, Bowker's Books in
Print, and Grolier's Encyclopedia.  However, any electronic information delivery system
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must be able to -- at the very minimum -- duplicate the capabilities provided by the
combination of an experienced reader and a well-designed paper text. Anything less degrades
the system: leaving at best, an electronic page-turner; at worse, even less than the paper
version. Furthermore, in order to justify abandoning the conventional method and medium, an
electronic system should offer improvements, such as increased flexibility, reduction in

storage, and convenient document development/maintenance.

This study assumes that paper TOs will be automated for IMIS using the concept of hypertext.
Documents stored in hypertext have active cross-references. Each entry in the textbase is
called a node; the combination of the nodes and their connecting links form a hypertext
network (hypergraph). Both nodes and links can be typed. Given these features of
hypertext, online information can be characterized by structure and by connectivity. The
focus of this study is to determine how the innate features of a hypertext can augment
traditional search techniques (such as those used in Database Management Systems), as well
as facilitate the integration of more advanced search procedures now being developed in
Artificial Intelligence (Al) research. Figure 1 delineates the specific area of my interest --

the intersection of three research domains:

Questions of Interest

FIGURE 1: Study Domain

During the ten-week fellowship, | examined some of the more common search techniques
available on an electronically supported textbase and wrote “toy world” demonstrations for a
representative sample of "smart interfaces™ to hypergraphs. Specifically, | used HyperCard
(Apple Computer, Inc.) and KnowledgePro (Knowledge Garden, Inc.) software to develop four
demonstrations. One of the demonstrations was implemented using the "lilustrated Parts

Breakdown" segment of a TO ("Fire F’rot%téon6 System,” USAF/EPAF Series F-16A and




F16-B). Others were based on the repair guide for a GM automobile. This switch in source
documentation was made to accommodate the study's limited, ten-week timeframe. Most
Air Force TOs run into the hundreds of pages, containing separate sections on checkout and
analysis, theory, troubleshooting, schematics, and procedures. The automobile guide, on the
" other hand, is much shorter and is broken down into small, logical units. Therefore, its
knowledge structure was more easily assessed; the segment selected (clutch repair) is
self-contained; and finding experts and engineering a knowledge base for a car clutch was

easier than finding experts for weapon systems.

ll. THE HYPERTEXT CONCEPT: FOUR CENTRAL ISSUES:

My project for the 1987 SFRP was to explore the benefits of using hypertext (non-sequential
information storage and retrieval) as a design philosophy for IMIS. Since last summer, a
significant hypertext community has emerged. The number of conferences and application
products announced over the last few months reflects the intensity of industry and academic
interest. However, the field is still new and lacks a history of experience and a systematic
assessment.  In fact, detractors point out that much of the interest in hypertext is on a
theoretical level. They charge that few rigorously specified systems exist, and many of
the commercial products which pose as hypertext are not (Raskin, p. 330). Since hypertext
systems have a brief history of application, we have sparse evidence for their effectiveness,

let alone proven principles to guide design.

Four major issues being debated in the literature are central to the implementation of a

hypertext document database.

Authoring versus Browsing: A major debate in the literature concerns
whether or not -- in order to be genuine -- a hypertext systems must support
user-initiated links. Purists contend that unless the user can make bi-directional
links -- or chart new paths through the information space -- the system is not
truly hypertext. This camp sees hypertext not as a tool for information
management, but as an environment for knowledge daveiopment and open-ended
problem exploration.  In their view, constructing the web -- or graph of links --
which conjoins the fragmented chunks represents learning, creativity, and/or
collaboration.  Viewing hypertext as a convenience for storing and accessing huge
bodies of text, they charge, reduces the concept to database management system
{DBMS) technology.

Both approaches share common goals of improved search and navigation; however,
one is intended for accessing existing documents while the other is better suited for
authoring new information structures.  Clearly many applications of threaded text
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fall somewhere between absolute freedom and rigorous structure, and thus coulid
benefit from an interface which facilitates information retrieval. Useful (but
relatively simple) automated features to help users traverse a body of information
include string and keyword search capability, cross-referencing, and indexing.
More powerful navigational devices -- whether we cail them embedded expert
systems, smart filters, or interaclive interfaces -- can guide readers through a
textbase and increase the user's ability to interact productively with information.

Mental Model and Metaphor: These two interrelated concepts are of great
significance to system design. The goal of each is to accommodate the user's
preconceptions and to increase the ease-of-use. Users normally approach a task
with some concept of how to proceed. This model, or image, comes sither from
knowledge or experience with the task domain. When the domain is unknown to the
user, the user may develop a mental model through an analogy with a familiar
domain.

Proponents of hypertext contend that non-linear information processing mirrors
two natural patterns of human information processing -- association networks and
hierarchies. Furthermore, hypertext systems are more malleable and can mold
themselves to user expectations more easily than paper or early electronic text
storage formats. However, it is important to note that hypertext is not a form of
artificial intelligence. Al tries to encapsulate human kiowledge in a form which can
then be used by a machine. Hypertext, on the other hand, is intended to augment
human thinking by providing a dynamic platform for presenting data.

Search and Navigation: Just as any database, a hypertext information
retrieval system has two central components:

o a_document database: which can be -- (1) a large, loosely structured

library of documents which have been placed online directly from
hardcopy, (2) a highly organized, compressed, structure of richly
interconnected "chunks,” which have meaningful boundaries between
sets and subsets and logical relationships among elements, (3) a
variation of organization somewhere between these two extremes.

0 an assistance processor: a retrieval mechanism (or a collection of
retrieval mechanisms) for effective access to and management of the
database.

As a rule-of-thumb, one can say that there is a reciprocity between the amount of
design put into each element. Relatively unformatted libraries require more
complicated software in the retrieval mechanisms or the assistance of a
knowledgeable research specialists, if the user requires fine-grained applications.
Text which has been specifically preprocessed for the system service requires less
complicated software. A hypertext-flavored IMIS should be a symbiotic
relationship between the intelligence built into the web and the capabilities of a
smart interface.

Data Preparation -- Translating Text in Hypertext: The written word
-- as it exists today -- has been molded to suit a paper delivery system. While in
some applications, it may be feasible to construct text especially for a hypertext
representation, most implementations will only be cost-effective if documents
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authored for paper can be modified for a hypertext environment (Raymond and
Tampa, p. 143). This translation process raises questions of rhetoric and
knowledge structure.

These are not trivial problems. Extracting a workable hypertext representation
from an existing document can be difficult. In most cases, the author(s) are not
available for consultation, so answers to questions of meaning and form may have
to be inferred from the paper representation. In many cases, form does not reflect
logic because the requisites of paper and pen, or the press, exert powerful
influences on text formatting. [For example, the original paper Qxford English
Dictionary was restricted to a fixed number of pages by the publishing contract.
Therefore, every effort was made to conserve space -- hence the dense
typesetting, extensive use of abbreviations and symbois, and limited use of
meaningful white space (Raymon and Tompa, 146 )].

Additionally, not all texts are suitable for hypertext representation. Hypertext
makes the implicit knowledge structure of a text explicit. Although there is no
rigorous model for hypertext implementation, experience suggests that if the
document is closely interwoven through rhetorical devices, then decomposition into
chunks and links will be difficult, with lose of information and confusion of meaning
a result. For some documents, this conversion is either impossible or not
desirable because is destroys the subtle interconnections of theme, argument,
metaphor, and word choice.

V. HEURISTIC SEARCH TECHNIQUES:

Heuristic search methods -- long the purview of specialists in online services -- need to be
automated and presented as a collection of information extraction tools. One impressive
example of an intelligent interface to TO informatinn is the MDAS (Maintenance Diagnostic
Aiding System) project. A fully automated diagnostic system guides the technician to the
most likely fault and then, on request, displays the appropriate rectification procedure (TO

text). In a sense, the automated troubleshooting tree becomes a filter for the textbase.

However, this intelligent interface would be inadequate and perhaps even an impediment to
accessing information if the user were motivated by a different information need -- say, for
example, the need to use the TO for reference purposes only or to browse through the
textbase while following a hunch based on past experience. Since there are different
scenarios for information use patterns (see "Integrated Maintenance Information System:
Training Technology Scenarios,” AFHRL - TP- 87 - 18), different inteliigent retrieval

mechanisms should be developed to facilitate each situation.

Because brute force or blind searches through all nodes in a database produce a combinatorial
explosion, almost all research intc automated information extraction focuses on ways to

more fruitfully direct the search algorithm. Attempts to produce a "superbook" have
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merged the forces of IR, DBMS, and Al to focus on the single crucial issue of implementation:
how to provide search procedures which are accurate, complete, and comfortable for the end

user.

The remainder of this report suggests a series of "smart” interfaces for a hypertext-based
IMIS. These examples are divided into three categories, based on relative degree of
sophistication and the extent to which they approximate an expert system. Examples in the
first category have their roots in traditional DBMS techniques. Examples in the second
category draw heavily upon recent research in cognitive science. Examples from the third

category model intelligence using Al practices.

All hypertext systems are characterized as a collection of nodes (modules} and links (webs),

allowing for three-dimensional navigation through a body of data.

o Modules: pools of information collected in one anthology, labeled or typed, and
electronically stored as nodes in a database.

o Webs: the pattern of links among the nodes. The links can be predefined by the
hypertext system designer or the user(s) can establish the links as part of
walking through the information space.

FIGURE 2: 3-D Information Processing

Since the intent of my research is to demonstrate how hypertext enhances retrieval
mechanisms, each of the following three categories is illustrated by a variation of Figure 2,

showing how the interface is grafted onto the concept of a hyper-web.

CATEGORY L Until recently, large textual databases involved mainframes, magnetic
storage, and complex user interfaces operated by trained researchers and skilled librarians.
Because of the expense, such systems were found only in large institutions or time could be

purchased through several oniine services. Typical retrieval devices in such systems are
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based on keyword search techniques. Speed is enhanced through inverted indexing and query
language which supports Boolean operations. Unfortunately, these methods do not produce
ideal rates for completeness or accuracy. A typical query hits only about 50 percent of the

relevant texts and finds about the same percentage of irrelevant texts (Colvin, p. 131).

Using an inquiry-based interface has been the dominant concept in IR since the 1950s.
However, improvements to the query form have been made over time. Methods to improve
completeness and accuracy include enhancements to the basic search algorithms of the
system. Areas of intensive research today include natural language query, vector and
probabilistic models, weighted keyword searches, and layered information structures (as

represented by embedded menus). The latter two are of interest to this project.

Weighted Keyword Search: Keyword search is known to be flawed.  Imprecision

and incompleteness can be attributed to choice of search terms by users, lack of
semantic analysis of texts, and the fact that relevance is difficuit to model as a
yas/no choice. Weighted keyword search offers improvements. Coupling weighted
keyword search with hypertext links can improve performance in two ways. First,
if links joining related concepts are part of the system, finding only a subset of
nodes through algorithmic search would suffice since the user could then follow
links to other semantically related nodes. Second, because the links indicate other
related nodes which ware not part of the "hit" list, the user can overcome the
false impression of completeness which is a danger of full-text search (Oren, pp.
297-298).

Embedded Menus: The advantages of menu systems over command driven systems
have been adequately documented. In general, menus reduce cognitive overhead by
limiting the need to memorize commands, by reducing training time, and Dby
providing a structure for decision making in a computer session.

An alternative to explicit menus is to embed the menu choices within the
information being displayed.  With this approach, the user is less likely to be
confused by menu [abels because contextuality is not lost. The user is able to make
an informed choice about whether s/he wishes to pursue a particular path.
Embedded menus naturally lead to a kind of layered approach, where detail is hidden
unless specifically requested. For a textbase, however, the danger is that the user
is not given specific guidance as to which selections to pursue. This could be
partially overcome by careful layering of the text, or by having only subsets of
keywords highlighted during a given session. But these concepts require
considerable time and skill in designing the knowledge structure of the textbase,
and would prove inefficient in all but the smallest and perhaps simplest domains.

Figure 3 shows the paradigm for the search techniques of Category |. In essence, the user is
guided toward a node or subset of nodes which, in turn, provide an entree for traversing the
web in a meaningful fashion. Though slightly different in final implementation, each
facilitates access to the database, thereby positioning the user to make use of the knowledge

structure huilt into the hypergraph.
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FIGURE 3: Category | Search Techniques

CATEGORY II: Category | search techniques help the user to enter the hypergraph at an
appropriate point; after that, navigation is a function of the hyper-web rather than the
interface.  As such, they are analogous to indexing and cross referencing in conventional
paper texts. Category Il search techniques help the user to visualize the knowledge structure
of the textbase; as such, they are analogous to various location signals in paper text (running
headers and footers, chapter titles, section headings, type fonts, indentation, proximity, and

physical features such as number of pages and binding).

Location is one of the most difficult problems in hypertext. Electronic presentation of text
removes most of the location cues available in paper. Adding to the confusion, hypertext
encourages the proliferation of small nodes. The result can create chaos for the end user.
Adopting some form of visualization vastly improves system usability. Three candidate
methods include (1) an iconic interface, (2) a filtered view based on one or more specific

criteria, such as proximity, (3) a contiguity or logic map.

Spatial Data Management Systems (SDMS): User overioad is a major human

factors concern in any information integration system. Both common sense and
scientific evidence supports the contention that visuo-spatial (e.g. use of icons)
representation and retrieval are easier than symbolic (words and numbers), and
the success of workplace metaphors in commercial systems warrants considering
spatial management devices in the IMIS interface. Huge portions of our brains are
dedicated to processing visual-spatial data. Additionally, people retain a cognitive
image of information contained in a fixed area, for example in an office or in a book.
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One "toy world" demonstration designed as part of this project is an automated
lllustrated Parts Breakdown (IPB). In its paper form, the IPB consists of
hierarchical graphics and alphanumeric tables which are keyed to the graphics by
callouts. The tables contain the weapon system's model number, a vendor-supplied
part number, the federal supply category number, a brief description, the number
of parts per assembly, and the applicable tail numbers.

In the hypertext version, the user moves from a global view of the weapon system
down levels of specificity by clicking on segments of the visual representation. An
information entry screen asks the user to select (from visual representations) the
part category, the weapon systems number, the tail number, and a more specific
indication of location. From this information, the software generates a list of
*hits.” By clicking on an item in the list, the user goes to a close up graphic of the
specific part, along with all stock information, and instructions for installation.

Advantages of such direct manipulation interfaces have been outline by Ben
Shneiderman (1984). Succinctly, spatial management cuts down on cognitive
overload because the user approaches the system with a familiar, high-level
problem domain view. Computer dictated concepts (e.g. command language syntax)
are minimized. Actions create immediate and comprehensible reactions. Stress is
reduced, especially for individuals whose preferred method of working is
visual/concrete rather than languagesabstract.

Eisheye or Distorted View Filters: This approach -- as its name indicates -- is
based on a metaphor. Researchers have noticed that humans represent
information/knowledge using a prioritizing scheme. If this perceived relevance
were represented visually, the picture would resembie the view from a wide angle
lens. In other words, things of greater importance would be at the center, while
items of lesser attention would be on the periphery -- and the image would become
increasingly blurred as one moved away from the focal point.

George W. Furnas of Bell Communications Research has suggested an algorithm to
simulate this purposeful distortion (Furnas, p. 17). The program generates a
"neighborhood” image by computing a relationship between a priorj importance of
an elsment to a knowledge structure and the distance between that element and the
current position in the body of information. Empirical evidence suggests that such
filters are valuable information-handling aids. For example, holophrastic viewing
techniques (or hiding designated levels) have been used to heip debug long and
complex segments of code (Koved and Shneiderman, p. 315).

Graphical Browsers: While direct manipulation tries to use a real world, physical
model, graphic browsers may use a more synoptic approach. The idea of overview
displays for bodies of information also appears in traditional text design, where the
table of contents serves as a map for the organizational structure of a document.
Graphic browsers are also visual methods of information representation and
compression, and may resemble such devices as charts, diagrams, graphs, decision
tables, and taxonomies.

Content-oriented search mechanisms receive much attention. Hypertext systems,
because of the web-like structure of connectivity, lends itself to a less well-known
search mechanism -- that of structure search. If both nodes and links are typed,
user could ask for a diagram of all subnetworks that match a given pattern.
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The three representatives illustrated in Figure 4 demonstrate a central feature of Category |l
interfaces -- they are holistic or synoptic in nature. They provide a higher-level view of the
information structure and, thus, should improve ease-of-use. They conform to natural
models and metaphors, making information access and manipulation easier. They minimize
the impediments an electronic delivery system may have, and they allow the user to
maximize whatever expertise he or she may have. For example, this type of interface
fosters intuition and discovery. Additionally, users may follow up on hunches and educated

guesses more readily.

Spatial Data Fisheye Graphic Browser
Management O ||
. one =
two S L
three =
four —
five -
::///EJ\\ -
! =
= o B
O -
Hypertext
Global Database
FIGURE 4: Category |l Search Technigues
CATEGORY |l Conjoining certain Al models with information retrieval research has
produced intriguing hybrid systems. Of particular interest are expert systems which

constitute intelligent interfaces to a document database. Several efforts attempt to capture
the expertise of search intermediaries in online systems. More ambitious efforts integrate
trowsing and automated retrieval, even to the point that the system has rudimentary models
of categories of users and can select search strategies based upon a specific situation (Fox,

p. 163).

In many cases, the end user may not be able to tell if an application is an expert system, a
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decision support system, or a database management program. The latter two use
conventional algorithmic approaches to problem-solving, while the former uses heuristic
symbolic processing. The former have two major components, the database and the
retrieval mechanism. Adding the intelligence of an expert system requires the use of
additional components -- a knowledge base and an inference engine. The expert system
embodies the facts, information, knowledge, and rules of thumb and other elements of
heuristic expertise. The user may tap this expertise as an expert advisor or a consultant to

solve problems or make decisions.

At least three approaches to conjoining expert systems and hypertext are possitle.

Separate Knowledge Base and Hypergraph: This configuration uses the knowledge

base an an interactive interface to filter the information-rich chunks of information
in the hypergraph. In this case, the expert system and the hypertext are separate
components, as represented in Figure 5. After a consultation, the system
automatically calls up the appropriate segment of the TO. This selection can be as
generic as an entire subnet (or stack) or as fine-grained as a single chunk (card).

GLOBAL DATABASE
Knowledge
END Base | I\ l lj
USER 1(\ D/p !
Inference ~ . : :
Engine o | s g
(. O

FIGURE 5: Separate Expert System and Hypergraph

MDAS (Maintenance Diagnostic Aiding System), developed by the Air Force Human
Resources Laboratory, is a good example of an expert system which sits outside
the hypergraph and acts as an intelligent interface to point the user to refevant
documentation. MDAS replaces the troubleshooting section of the TO with a
sophisticated software model which advises a technician on fault isolation by taking
into account availability of parts and test equipment, mission criticality of
components, time to perform tasks, and comnonent failure rates.

Merge Knowledge Base with the Hypergraph: Critics of expert systems charge that

most systems are too brittle; that the user is led, lock-step, through a series of
information-extracting questions without adequate opportunity to interject intuition
or to adapt the system to the particular situation. Eventually, the user begins to
feel like a slave. In fact, the educational value of an expert system is limited, if
the user cannot understand the rationale behind the various steps in the consultation

session.
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One approach to overcome some of these limitations is to design the knowledge base
as _a hypertext, At any point in the consultation, the user may ask for additional

information on domain concepts, on particulars of the problem, or on the operation
of the expert system.

KnowledgePro (from Knowledge Garden, Inc.) is a scftware platform for building
expert systems, although it is not, strictly speaking, an expert shell. The
software combines an expert system, a programming language, and a hypertext
product into one seamless and highly modular environment (Shafer, p. 31). The
expert builds text blocks in a manner similar to how she would sit down and tell
someone what she knows. The expert also links these chunks of knowledge to
others. Eventually, the expert adds rules and an inference engine to boost the
intelligence of the system. Figure 6 represents the basic structure of this
potentially important new trend in expert deveiopment tools.

Beginning of
cons ultgtion

Completion
of task
FIGURE 6: Merged Expert System and Hypergraph
istribute Expert stems within the ergraph: This approach is

something of a combination of the previous two. The hypergraph retains its
integrity, but the user is able to call up search aids at given choice points in the
textbase or the search aids may acts as demons which awaken given a particular
set of circumstances.

This configuration has many intriguing possibilities. Since nodes in a hypergraph
can be anything from text to procedures, small knowledge bases can be stored and
threaded like any other modules in the web. (In other words, expert systems can
call other expert systems.) Additionally, this conjunction of hypergraphs and
smart interfaces may be appealing to users if the intelligent filters can be viewed
as a collection of selectable information extraction tools.

Figure 7 represents a hypothetical web with embedded expert systems. Advocates of a

"new-generation retrieval system” describe a multi-faceted system which accommodates
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individual users and specific situations. Edward A. Fox delineates the system of the future as
“having multiple experts, each with private rule bases, as well as blackboard-based
strategists for both analysis and access of documents, that can run as separate processes on
multiple machines” (p. 164). While embedded expert systems may not deliver all these
capabilities, they do provide more flexibility and functionality than traditional search

techniques.

FIGURE 7: Embedded or Distributed Expert Systems

V. RECOMMENDATIONS:

The future for document databases looks bright. The availability of CD ROM will bring down
the cost of storage. An added push in the information sciences will increase research into
such design issues as data models, user interface, and authoring. Based on the reading and
design work | did during the past ten weeks, | recommend ccntinued IMIS research in four

areas:

o Usage Mode! for Paper Documentation: Thomas Duffy, in "Preparing
Technical Manuals: Specifications and Guidelines," describes a session in which
a maintenance technician consults several voiumes and many pages of text as
part of a particular repair task. (Duffy's purpose was to demonstrate that the
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organizational schemes of paper manuals do not match the task requisites
imposed by the real situation.) Duffy's scenario, while brief, is informative.

Full IMIS integrates a number of functions (job aiding, training, troubleshooting,
collecting logistical data,displaying personnel management information, etc.).
Deciding how these functions might be bundled in the user interface is crucial to
the total IMIS knowledge synthesis. More specific scenarios, based on
observation and giving details of how technicians integrate maintenance tasks
and information-seeking tasks, will uncover both the strategies and the tactics
for using TOs which technicians learn through experience. At some point, these
scenarios might even lead to a more formal taxonomy of usage categories
and/or a model of information-seeking patterns.

Translating Text to Hypertext: Several historians of ideas have
written eloquently on the growth of knowledge in human culture. For example,
James Burke, in The Day the Universe Changed, points out that the invention of
cross-referencing accelerated the accumulation of knowledge because old
concepts could now be connected in new ways. Similarly, studies of the
technology of text point out that changes in medium precipitate different habits
of mind, to accommodate the remodeled modes of communication. Hypertext
may be the beginnings of a paradigm shift in information processing.

Be that as it may, the majority of human knowledge is now archived in books,
journals, monographs, collections of papers, various microforms, films,
videos, and audio disks and tapes. |If this vast body of text is to he placed
online, will significant retrofitting be required? Or can search software be
designed to overcome some of the drawbacks of a knowledge structure which
might be rendered incomprehensible by the transition. More to the point, what
is the balance between search software and remodeled text for a TO?

Continued Research into Applied Hypertext: Hypertext is still more of
a notion than a developed idea. Although the concept receives much attention in
the literature, few articles report systematic efforts to answer some of the
fundamental questions of application. If possible, HRL/LRC should sponsor an
experimental platform, involving both internal and external personnel.

For a start, the Laboratory could develop a relatively large document database,
drawn from existing TOs. This collection of rhetorically neutral, reusable,
information-rich chunks couid then be threaded into various webs. Tests of
various combinations of search mechanisms and interfaces could be run. Each
combination must be rigorously assessed using human factors criteria. Such
empirical studies are invaluabie for testing the claims made about hypertext,
for guiding the direction of future development, and for becoming smart
shoppers for future Air Force system purchases.

Design for a Range of Interactivity: Clearly, full IMIS requires support
for a number of user classes and information processing schemes. Specifically,
the system (interfaces and databases) must be versatile enough to
accommodate the user actively searching for information as well as the learner
acquiring concepts and experience. Although the system will be built in pieces
and the development will be incremental, pericdic modeling of how it will all
play together should benefit both near- and far-term design.

118-18




BEFERENCES

Brant, Craig M., et ai., "Training Technology Scenarios for an Integrated Automated Job
Aiding/Training System,” Draft Version, 1986. Systems Exploration, Inc. Contract No.
F33615-85-C-0010.

Colvin, Gregory. "The Current State of Text Retrieval,” CD ROM: The New Papyrus
Microsoft Press, 1986, pp. 131-136.

Duffy, Thomas. "Preparing Technical Manuals: Specifications and Guidelines,” in The

Technology of Text: Principles for Structuring, Designing, and Displaying Text, Vol. 2.

David H. Jonassen, ed. Englewood Cliffs, N,J., Educational Technology Publications, 1985,
pp. 370-392.

Fox, Edward A. ‘Information Retrieval: Research into New Capabiiities," CD ROM: The
New Papyrus, Microsoft Press, 1986, pp. 143-174.

Frenzel, Louis E., Jr. Understandin xpert stems. Indianapolis: Howard W. Sams,
1987.

Frisse, Mark Edwin. "Searching for Information in a Hypertext Medical Handbook,"

Proceedings of Hypertext ‘87, University of North Carolina, Chapel Hill, pp. 57-66.

Furnas, George W. ‘"Generalized Fisheye Views,” Proceedings CHI'86, Boston,
Massachusetts, April 13-17, pp. 16-23.

Gill, Jock and Toby Woll, "Full Text Management,” CD ROM: The New Papyrus. Microsoft
Press, 1986, pp. 137-141.

Halasz, Frank G. "Reflections on NoteCards: Seven lssues for the Next Generation of

Hypermedia Systems,” Proceedings of Hypertext '87, University of North Carolina,
Chapel Hill, pp. 345-365.

Herot, Christopher. "Graphical User Interfaces,” in man_F Interactiv

Computer Systems: Proceedings of the NYU Symposium on User Inter aggg Y. Vassiliou,
ed. Norwood, N.J.: Ablex Publishing Corporation, 1984, pp. 83-103.

"IMIS: Integrated Maintenance Information System -- A Maintenance Information Delivery
Concept,” unpublished paper, AFHRLU/LRC, Wright-Patterson AFB, August 1986.

James, Geoffrey. “Artificial Intelligence and Automated Publishing Systems,” Text,
ConText, and HyperText. Cambridge: MIT Press, 1988, pp. 15-24.

Koved, Larry and Ben Shneiderman. "Embedded Menus: Selecting ltems in Context,”

Communications of the ACM, April 1986, Vol. 29 (4}, pp. 312-318.

Marchionini, Gary and Ben Shneiderman. “Finding Facts vs. Browsing Knowledge in
Hypertext Systems,” |EEE Computer, January 1988, pp. 70-80.

Monarch, Ira and Jaime Carbonell, "CoalSORT: A Knowiedge-Based Interface,” |EEE
Expert, 1987, Vol. 2 (1), pp. 39-53.

Oren, Tim. "The Architecture of Static Hypertexts,” Pr in f Hyper ‘87,
University of North Carolina, Chape! Hill, pp. 291-306.
118-19




Raskin, Jef. "The Hype in Hypertext,”" Proceedings of Hypertext ‘87, University of North
Carolina, Chapel Hill, pp. 325-330.

Raymond, Darrell R. and Frank Wm. Tompa, "Hypertext and the 'New Oxford English

Dictionary,"™ _Proceedings of Hypertext '87, University of North Carolina, Chape! Hill, pp.
143-153.

Remde, Josl R., Louis M. Gomez, Thomas K. Landauer. "SuperBoock: An Automatic Tool for

Information Exploration -- Hypenrext?,” Proceedings of Hypertext '87, University of
North Carolina, Chapel Hill, pp. 175-188.

Shafer, Dan. "Hypermedia and Expert Systems: A Marriage Made in Hyper Heaven,”
HyperAge: The Journal of HyperThinking, May-June 1988, pp. 26 - 33.

Shneiderman, Ben. “"User Interface Design for the Hyperties Electronic Encyclopedia,”

Proceedings of Hypertext ‘87, University of North Carolina, Chapel Hill, pp. 189-194.

Shneiderman, Ben. "the Future of Interactive Systems and the Emergence of Direct
Manipulation,” in Human F rs and Interactive Computer fems:; Proceedin f the

NYU Symposiym on User Interfaces. Y. Vassiliou, ed. Norwood, N.J.: Ablex Publishing
Corporation, 1984, pp. 1-27.

118-20




1988 USAF-UES SUMMER FACULTY RESEARCH PROGRAM/

GRADUATE STUDENT RESEARCH PROGRAM

Sponsored by the
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Conducted by the
Universal Energy Systems, Inc.

FINAL REPORT

Prepared by: J. Kevin Ford, PhD.

Academic Rank: Associate Professor

Department and Psychology Department
University: Michigan State University

Research Location: USAFHRL/IDE
Brooks AFB
San Antonio, TX 78325

USAF Researcher: Mark Teachout
Date: 2, Sept 88
Contract No: F49620-87-R-0004




Linking Training Evaluation to Training Needs Assessment

Development of a Conceptual Model

by

J. Kevin Ford, PhD.

ABSTRACT

A critical linkage in training systems is the translation of training
evaluation information for reassessing training needs and for making
training program changes. This report presents the development of a
conceptual framework for examining the job relevancy and efficiency of
training and the linkage of this evaluative information to training
needs reassessment. How to integrate job performance information into
the existing training evaluation system for identifying over- and
under-trained tasks is also described. Recommendations for future
research to identify the content domain of an Airman Basic in
Residence (ABR) Training program and to integrate performance
information into the evaluation system is presented.
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I. INTRODUCTION:

The quality of training programs is critical in the Air Force to
maintain personnel readiness. To insure readiness, training must be
viewed as a continuously evolving process which uses evaluative
information to adapt and to improve its quality. Therefore, a
critical linkage in training systems is the translation of training
evaluation information for reassessing training needs and for making
training program changes.

The Air Force Human Resources Laboratory (AFHRL) at Brooks AFB
has recently developed a job performance measurement system (JPMS) to
validate selection standards. AFHRL personnel contend that JPMS data
can also be used as evaluative information for improving the quality
of Airman Basic-in -Residence (ABR) technical training. AFHRL is
particularly interested in developing a methodology for using JPMS
data to identify tasks which are over- or undertrained in ABR training
programs.

My research interests include organizational training and
criterion measurement. In training, I have been involved in
evaluating the job relevancy of rtraining programs and in the
development of a methodology for identifying knowledges and skills
that might be over- or undertrained. My work on linking training
evaluation to training needs reassessment contributed to my assignment
to the ID Training Systems Division of AFHRL.

II. OBJECTIVES:
Currently, there is no systematic procedure for identifying over-
or undertrained tasks in the ABR courses. There is also a lack of
high quality job performance information available in the training
evaluation system to allow for informed decisions regarding course
content changes.

My assignment as a participant in the 1988 Summer Faculty
Research Program (SFRP) was to develop a conceptual framework for
understanding the linkage of training evaluation information to
training needs reassessment. The specific focus of the paper is to
develop a framework for addressing the issues of the job relevancy of
training and the over- and undertraining of tasks. The conceptual
framework includes a focus on the integration of job performance-
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based information into the existing training evaluation system for
identifying over- and undertrained tasks.
ITI. A TYPOLOGY OF TRAINING EVALUATION PURPOSES

A comprehensive analysis of training needs 1is critical to
training program development. Similarly, an initial assessment of
training needs should also provide information for the development of
a training evaluation system. The key question asked during this
evaluation development phase is "what do we want to know about the
training program that provides information about the quality of the
program?" Decision makers may be interested in answering one or more
evaluation questions.

Depending on the purposes of the evaluation, different kinds of
information need to be collected to answer the evaluation question
being addressed. Thus, if the purpose(s) behind the development of an
evaluation system for a particular training program is not clearly
specified during the needs assessment phase, it is unlikely that the
appropriate inforination will be collected to link the evaluation data
with training needs reassessment for program redesign. Without a
clear sense of purpose, modifications to enhance the quality of the
training program must rely heavily on the intuition of the people who
develop the training program (Montague and Wulfeck, 1986).

The purposes for conducting training evaluation is conceptualized
as consisting of five components. Table 1 presents the five purposes,
the types of questions asked for each purpose and the information
needed to answer the questions posed by the evaluation purpose.

One purpose for conducting training evaluation is to determine
the content validity of the training program (Goldstein, 1986).
Content validity asks the question "is the training content job
relevant?”. To answer that question, information about the tasks
being performed on the job must be matched with the tasks being
trained in the training program. Then a content validity ratio can be
calculated to determine the extent to which the content of the program
is job relevant (Ford & Wroten, 1984).

A second purpose 1is to examine training efficiency. Training
efficiency asks the question "is the training program over- or
undertraining certain tasks (or Knowledges, Skills and Abilities
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(KSAs))?2". To answer this question, information regarding the
importance of tasks in the job domain and the emphasis of those tasks
in the training program must be acquired. A matching technique can
then be applied to examine areas of over- or undertraining (Ford &
Wroten, 1984).

A third purpose for conducting training evaluation is to
determine training validity. Goldstein (1986) states that this
purpose asks the question "did the trainees learn the material that
was being trained?". To answer this evaluation question, one must
collect information about the performance of the trainees during
and/or at the end of the training program. The analysis determines
the extent to which learning has taken place in comparison to a
specified standard or criterion of success.

A fourth purpose of evaluation is to determine transfer validity
(Wexley, 1984). Transfer validity asks the question "are people
performing well on the job after training?". To answer this question,
information regarding performance on the job must be collected. Job
Performance must then be compared to some criterion of success to
determine the extent of successful transfer. Experimental designs can
be used to determine if the transfer of knowledges and skills have
actually occurred and whether the change is attributable to the
training program.

A fifth purpose of training evalution is to determine the
predictive validity of a training program. At times, training is used
as a device to select or place individuals into a particular position
or job. Therefore, the question that must be answered with this
evaluation purpose is "does training performance predict job
performance so that selection/placement decisions can be made?". The
information that must be collected to conduct this analysis includes
training and job performance information.

IV. A CONCEPTUAL MODEL OF EVALUATIVE INFORMATION

An examination of Table 1 indicates that the information
available for answering the questionc posited for each evaluation
purpose can be conceptualized as consisting of two major dimensions.
One dimension is the source of the information that is gathered. The
two sources of information available are the job domain and the
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training domain. A second dimension is the type of information
gathered. The type of information is conceptualized as being task
based or performance based. Task information focuses on what an
individual "does do" while performance information examines "how well
an individual does the specified tasks". A

Figure 1 presents the four domains that result from combining the
two types of sources with the two types of information available. The
four domains are the: (1) job content domain; (2) training content
domain; (3) job performance decmain; and the (4) training performance
domain.

The job and training content domains are conceptualized as
consisting of a task and an emphasis component. The "task" component
of the job content domain involves the identification of what tasks
(or KSAs) are performed on the job. The "task" component of the
training content domain includes information regarding what tasks (or
KSAs) are taught during training.

The "emphasis" component of the job content domain involves an
analysis of how "important" the various tasks are for job performance.
Importance can be operationalized in a number of ways including
"importance to job performance" and "task difficulty". The
"emphasis" component of the training content domain concerns the
amount of effort devoted to training the various tasks included in the
training program. Emphasis can be operationalized as a subjective
assessment of effort devoted in training to each task or as the actual
amount of time spent training each task.

The job and training performance domains are conceptualized as
consisting of a knowledge and a performance component. The
"knowledge" component of the job performance domain focuses on how
well the individual knows the appropriate ways to perform job tasks.
Job knowledge tests are often used to address this issue. The
"performance" component specifies how well the individual actually
performs the job tasks. Information from job performance ratings,
work samples and job indices such as quantity or quality of work can
be gathered to determine the level of job performance.

For the training performance domain, the "knowledge" component
examines how well the trainees have learned the material that has been
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taught. Pencil and paper tests on the material covered in the course
are typically used to examine the knowledge component. The
"performance" component focuses on how well the trainees can perform
the tasks that have been trained. Performance ratings, work samples
and other objective indices can be used to determine performance level
in training.

In summary, the model in Figure 1 provides a conceptual framework
for describing the information available to answer training evaluation
questions. The specific information gathered is dependent upon the
purpose(s) for conducting training evaluation. An examination of
Figure 1 also indicates that a critical boundary condition surrounding
these four domains is information quality. This means that the
usefulness of any information collected for answering the evaluation
question posed 1is heavily dependent upon the quality of that
information.

V. APPLICATION OF THE CONCEPTUAL MODEL TO TRAINING EVALUATION
Discussions with researchers of the Training Systems Division
(ID) indicated that one key issue is the need to incorporate job
performance information into the design of training programs. Such
performance information 1is wuseful to determine the relevancy of
training content as well to identify training inefficiencies (i.e.,
over- or undertraining of knowledges and skills). Prior to using job
performance information, a better understanding of the conceptual
issues involved is needed.
Content Validity
One purpose for conducting training evaluation is to assess

content validity ("is the training content job relevant?"). The
information needed to address this question includes an aaalysis of
the "task" components of the job and training content domains. Thus,
the question of content validity must be answered through a direct
comparison of the tasks being performed on the job with the tasks
being taught in the training program.

There are three possible outcomes of this comparison process.
The first outcome is the area in which there is an overlap between the
job and training content. The percentage of overlap is directly
related to the content validity of the program. When the overlap is
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high, tasks performed on the job are, for the most part, taught in the
training program. A small degree of overlap indicates a low degree of
content validity.

The second outcome of this comparison process is the area in
which tasks are performed on the job but are not taught in the
training program. These "training omissions" should be examined for
possible inclusion into the training program. The third outcome is
the area in which tasks are taught in the training program that are
not performed on the job. These "training excesses" should be
examined for elimination from the program.

The three outcomes of the comparison of the job and the training
content provide useful information to training researchers. It is
important to note, though, that the comparison of the job content and
the training content can only be as good as the quality of the data
collected. The type of information (tasks, KSAs) collected on the job
and training content domains must also be the same. The tasks or KSAs
must also be measured at the same level of specificity to make this
direct comparison. If the job domain is defined in terms of tasks,
the training domain must also be defined in terms of tasks at the same
level of specificity.

Training Efficiency

A content valid training program indicates that the tasks being
performed on the job are the same tasks being trained. Once content
validity is established, a second issue is training efficiency.
Training efficiency asks the question "is the training program over-
or undertraining certain tasks or KSAs?". Thus, a training program
may have a high degree of Jjob relevancy (it 1is training the
appropriate tasks) but may or may not be placing an appropriate amount
of emphasis on the various tasks during training to match their "need"
for training.

Training and Job Content Domain Information. The information
needed to address the training efficiency question includes an
analysis of the "emphasis" components of the job and the training
content domains. The question of efficiency can be addressed through
a direct comparison or matching of the emphasis placed on the tasks

during training with training "needs" i.e., how important the task is
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in the job domain.

Ford and Wroten (1984) developed a methodology called the
Matching Technique to link the "emphasis" components of the job and
training content domains to determine training efficiency. The
Matching Technique is conceptualized in Figure 2 as a matrix in which
training emphasis is directly compared to training "needs" (i.e., how
important the task is for job performance).

The comparison of emphasis with needs identifies training "hits"
and "misses". Training hits refer to those tasks where the emphasis
received in training appropriately reflects training needs. Training
misses can involve areas of deficiences (undertraining) and excesses
(overtraining). Training deficiencies are content areas whose high
training needs are not matched by a high degree of emphasis in the
training program. Training excesses are tasks that are receiving an
excessive amount of emphasis relative to their need to be training.
The greater the number of misses (both difficiences and excesses)
uncovered, the less efficient the training program is and the greater
need for reassessment and redesign of the program.

Any measure of training "needs" or training "emphasis" can be
used to apply the Matching Technique as long as the measures reliably
quantify the extent to which areas need to be trained or emphasized in
the training program. Nevertheless, as noted when discussing content
validity, the comparison of training "need" (i.e., job emphasis or
importance) and training emphasis can only be as good as the quality
of the data collected. Also the type of information (tasks, KSAs)
collected on the Jjob and training content domains must be
operationalized at the same level of specificity to make this direct
comparison possible.

Integrating Efficiency and Performance Information. The Matching
Technique was developed to compare information from the job content
and training content domains. Information from the job and the
training performance domains were not integrated with the information
from the Matching Technique. Nevertheless, information from the job
performance domain may be quite useful in providing data for
identifying over- and undertrained tasks. Figure 3 presents a 2 X 2

matrix which combines information on training efficiency with
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information on job performance. An analysis of training efficiency
can identify tasks that are excesses and deficiences. Performance
level is conceptualized at the group level of analysis i.e., how well
the group of individuals trained are performing various tasks on the
job. For purposes of this example, performance is dichotomized into
the categories of "not performing well" and “performing well”. The
four components of the matrix in Figure 3 derived by combining
training efficiency and performance level information provide data
relevant to identifying over- or undertrained tasks. As an example,
let us assume that a number of tasks were identified through the
Matching Technique as being deficient. The next step is to examine
how well the individuals are actually performing those tasks on the
job. If the tasks are not being performed well, then the need for
more training emphasis during the training program is indicated. If
the tasks are being performed well, this indicates that training
deficiency is not an important issue to consider. Such a result may
suggest that formal training of the tasks is not necessary.

The Matching Technique may also identify some tasks as training
excesses. An examination of job performance may indicate that some
tasks that are training excesses are performed well and others are not
be performed well (see Figure 3). If a task is not performed well on
the job, this indicates that there is a serious problem that is best
addressed through other means such as on-the-job training. If a task
is performed well, this suggests that consideration be given to
examining whether training emphasis placed on the task could be
reduced without detrimental effects on job performance.

VI. ANALYSIS OF THE AIR FORCE ABR TRAINING EVALUATION SYSTEM

The conceptual models developed in this paper highlight the
important role evaluation systems have for enhancing the quality of
training. The issues of content validity and training efficiency were
used to illustrate the concept of linking training evaluation purpose
with the kinds of information that need to be collected. Based on
this conceptual development, this section provides a brief critique of
the existing evaluation system for examining training efficiency in
the Air Force ABR courses. A more detailed analysis in relation to a
particular ABR course (Aerospace Ground Equipment) is presented in a
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companion paper (Sego, 1988). The conceptual models indicate that
there are three key requirements that need to be met to address the
issue of training efficiency. First, the job and training domains
must be defined using the same type of information e.g., either task
statements or KSA statements. Second, the job and training domains
must be defined at the same level of specificity. Third, the quality
of the information must be high i.e., we must have confidence that the
information collected is an accurate reflection of the job and
training domains. When these three requirements are met, the Matching
Technique can be used to link the emphasis placed on tasks in the job
content domain with the emphasis placed on tasks in the training
content domain. Performance information can then be integrated into
the results of the Matching Technique to identify over- and
undertrained tasks.

The "emphasis" component of the job content domain for Air Force
Specialties is defined at the task level through rating responses.
Information from the Occupational Survey Report (OSR) includes
"training emphasis" (from no training is needed to training need is
extremely high) and "task difficulty" (from extremely low to
extremely high) for each task. The emphasis component of the training
content domain 1is not systematically collected for analysis.
Information on the training content domain comes from the Specialty
Training Standards (STS) which provides information for each task on
issues such as "task knowledge" (nomenclature, procedure, operating
principles and advanced theory) base, "proficiency levels" (limited,
partially proficient, competent, highly proficient) to be obtained
through training, and "subject knowledge proficiency" (facts,
principles, analysis, evaluation). These indices are useful when
developing a training plan. Nevertheless, this does not provide the
information needed regarding how much emphasis is placed on each task
once the POI has been developed.

The system for evaluating training efficiency ce:. te evaluated
according to the three requirements discussed above. Bouth the job and
training content domains are defined 1in terms of tasks.
Unfortunately, the information from the OSR on training "needs" for
use in a Matching Technique is not matched by useful information from
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the training content domain. One problem is that the STS tasks are
not at the same level of specifity as the OSR. The second problem is
that the emphasis given to the tasks in the training domain is not

being systematically gathered.

Consequently, this situation does not allow for a direct
comparison of training "need" (the information from the OSR) and
training emphasis through the use of a Matching Technique. A direct
comparison is only possible if data from the training domain on the
amount of emphasis placed on each task during training is collected.
This information may be in the form of the amount of training time
allocated to each task or through emphasis ratings by instructors and
trainees.

VII. RECOMMENDATIONS:

Based on the conceptual models developed and the analysis of the
Air Force ABR Training system, two research needs are identified: (1)
to systematically identify the training content domain in terms of
tasks and emphasis placed on those tasks; and (2) to incorporate job
performance information into the training system to address the issue
of training efficiency.

Identification of the Training Content Domain

The job content domain in terms of the tasks performed on the job
and the emphasis that should be placed on training those tasks during
the ABR course are identified through the OSR process. The OSR
process represents a large commitment of resources to develop
systematic data on the job domain which can be used for aiding
training personnel of the ABR courses in updating training to maintain
a high quality program.

A major problem identified in this review (also see Sego, 1988)
is that similar efforts to systematically identify the tasks taught
and the emphasis placed on those tasks in the training content domain
are lacking. Information about the ABR course is available through
the POIs and lesson guides but is not at the level of specificity as
the OSR data. In addition, no data is gathered on how much emphasis
is actually placed on each task that is part of the training content
domain. Without such information, decision makers can not link the
job and training content domains to answer the question of whether
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tasks are being over- or undertrained.

Consequently, the first effort should be devoted to developing a
methodology for identifying the training content domain in terms of
tasks and emphasis. - It is suggested that Training Branch personnel,
instructors, students and recent graduates are all potential sources
of information regarding the training content domain. Multiple small
group sessions can be conducted to identify the OSR tasks which are
actually taught in the training program. Surveys can then be
conducted to determine whether there is substantial agreeement among
the various sources that the tasks identified are actually taught in
the training program. In addition, the tasks can be rated in terms of
the emphasis placed on each task in the training program. Stability
of judgements over time and interrater agreement across sources (staff
members, current students and recent graduates) can be examined to
determine the quality of the information gathered.

The Matching Technique (Ford & Wroten, 1984) can then be used to
link the data from the OSR report on the emphasis (or task difficulty)
that should be placed on a task during training with the ratings of
the actual emphasis placed on each task during the training program
(small group sessions could also be conducted to determine the actual
amount of time devoted to each task during the training program).
Such a matching of training "need" with training emphasis provides the
necessary information to identify possible areas of over- and under-
training.

Integration of Job Performance Information

Figure 3 presented a conceptual model which integrates job
performance information with the information from the Matching
Technique. Currently, job performance information is not used to make
decisions regarding training efficiency. The JPMS developed by AFHRL
provides the type and quality of job performance data needed to
identify over- and undertrained tasks.

The JPMS contains three types of information. First,
participants complete "a hands on" portion of the Walk-Through
Performance Testing procedure in which participants actually perform
certain tasks and are scored by trained observers on whether the tasks
are performed correctly. A second portion of the Walk-Through
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Performance Test is an interview portion which asks participants to
explain how they would go about completing certain tasks rather than
actually performing those tasks. These responses are scored by
trained interviewers. Both the hands on testing and the interview
method are scored at the Technical Order (subtasks are performed
correctly or not) which are then summed for each task to provide a
score at the OSR (task) level. The third type of information is a
Specialty Job Knowledge Test which covers a number of tasks in the
career field. Participants must respond to a number of multiple
choice questions derived from the task content domain at the task
level of specificity.

Given the development of the conceptual model, the next step is
the development of the methodology to integrate JPM data into the
training evaluation system to address issues of over- or under-
training. If the training content domain is specified at the task
level of specificity, then the integration of performance data must be
at the task level also. Nevetheless, for tasks that are identified as
over- or under-trained, job performance at the subtask (Technical
Order) level can then be examined to determine which subtasks are most
problematic. Research could examine the impact of feeding back job
performanice information to training personnel on ABR course changes.
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Table 1. The Purposes for Conducting Training Evaluation

Purpose of Evaluation Type of Question Asked Information Required

1. Content Validity |Is Training Job Relevant? Job Content

Training Content

2. Traning Efficiency Are We Over- or Under Job Importance

Training Certain Tasks? Training Emphasis

3. Training Validity Did the Trainees Learn Training Performance

the material Trained? Criterion of Success

4. Transfer Validity Are People Performing Job Per formance

well on the Job? Criterion of Success

5. Predictive Validity Does Training Performance Training Per formance

Predict Job Performance? Job Performance
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A_CONCEPT FOR AN IMTELLIGENT TOOL TO FACILITATE

THE _DEVELOPMENT OF QUALITATIVE PROCESS MODEL

(7]

IM NQUICE PROGRAMMERS

by

Hugh P. Garraway

ABSTRALCT

This document relates the learning environment for computer
programming and the development of students’ mental models

for p

-

ogramming. Problems with this environment xre

discusszed through a rewvisw of previouys res

)]
0

arch and & desz i gr
is proposed for % softwars tool, an intelligent dehugging
assistant incorporating artificial intelligence techniguesz,

to advise and direct novice programmers through strategis

debugging paths. This tool will allow a student to confer
with an "expert” during the debugging <f programs under
development. This tool should help students to more quickly

develop an accurate qualtitative processz model for

programming and thus rescive a problem area associated with
tearning to pragram in the &ir Force and academia. The
resulting tool could become & componsnt of an Intelligent

Tutaoring System.
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1. INTRODUCTION:

- -
| pa)

The Intelligent Syetems branch of the Tra . nming S.ztems
Division of the Human Resources Laborator- st Brooke Air
Force Bace ic interected in the recsearch and application o
artificial intelligence techniques tc learn.ng, specifically
those related to &ir Force training.

My recearch activities have dealt with computer-hased

w

learning and intelligent authoring systemsz. M- teaching
experience has been in the areas of incstructional technology
and computer ccience. It wae the overlapping of thece areac
and my interest in artificial intelligence and ite role in
teaching/learning that precipitated my assignment to the

Intelligent Systems Division.

I1T. OBJECTIVES OF THE RESEARCH EFFORT:

The primary goal of this research was to identify an

area of training which could benefit from artificial
intelligence-based computer—ascisted instruction and decign
a software tool which could attempt to enhance the
teaching/learning environment for thics area . It was
decided that the instruction of programmers would be the
target area as it is an area of interest to the Air Force
and an area rela.ive to my expertise. An exhaucstive cearch
of past research in this area was performed and the
highlights are reported in thie document. & design for an

intelligent teaching/learning tocol was then made. The

20-4




following sections are the recsult of this research and

sr¥nthesis.

. INTELLIGENT TOOL FOR CEBUGGIMG

I
fiy]
()]
-
o)
-
4
[
m

This document presents a design for ITD& {Intelligent Too!l
for Debugging wssistance?. ITDA will be arm intelligent
software tool integrated into a programming environment,
Some of the expertise of a human expert relative tc
programming, nowice programmer errors, misconceptions, xnd
debugging sKills will be “captured’ so that all students
will hauve instant access to 2 consultant when a programming

Impasse i3 met, ITG&S will incorpoarate artificial

sl

intelligence techniques and will increase its Knowledgs a:z
tt interacts with students and, when necessary, a human

expert,

3 research will be:

1]
i
"

cific goals of thi

d

o

asic research need in the

g,:
-+
L]

1Y Address a st
development of intelligent tutoring srstems:
Implement 2 practical intelligent tool and thus

gather Knowledge on how the engineering of such &

u
T

system will proces=sd.

2y Prowide an application of research that wil)

a. AId in reducing a teaching lezaxrning bBottleneck
that often causes ntroductors compubaer
pragramming courses to bhe less effect: e,

. Formcticon as & gob 2id to snstructors,

T, Serue xz oan otelligent, smbedded tzarang a2
tCooorachiIong prOgoAammer s,
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X

A Practical Intel!ligent Tool : According to &ndercson (19g
most of the work doné with-intel}.gent tutoring svstems has
had the ctatus of basic research, more concerned w: th
gathering basic Knowledge than providing uzeful learning

experiences. "The point ha

lf'

been reached,” he =z=tate

"where a few applications are feacitle and 1t might be
worthwhile to pursue some of them both for  the relztiuve's
immediate bernefit and For =scome <cenze of how the
engineering of these projects will progress.” ITDA will
address thie issue in that one goal of i1te decign will be tc
create a practical intelligent tool to fill an existing

rneed.

Teaching/Learning Eottleneck: The bottleneck occurzs when a
student, who has reached an impasse with a programming
problem, muet wait until an appointment with the instructor

or teaching assistant can be arranged to obtain expert

(1]

assistance. Even when expert ascistance or perceived expert
assistance (often in the form of the upperclassman) is
available, another problem may arise, the “quick fix’. The
quick fix may occur when the expert simply correcte the
problem for the novice without imparting the Knowledge of
how the problem was corrected or possibly of more
impcrtance, how the problem was diagnocsed. The quick fix
can also introduce confusicn and frustration when the expert
uses a programming construct not yet intended by the
instructor to be a part of the student’s Knowledge. In an
optimal learning environment +for programming, quality expert
assistance should be available on request to quide the

ctudent to the colution of & probiem.
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Ingstructor’s Aid: ITDA should reduce the number cof

student instructor consultations caused by probiems with:n
ITDA’s Knowledge base. [TDA will also point the inestructor
in the direction of a bug that presently eludes & correct

diagnosis.

too!

n

Sone T

. S

Embedged Learning &i8d to Programmersz: ITO&E" =

)

will be available tc programmers. For example, & programmer

may directly invoke ITDA’e uninitialized var:table detector
to quickly search for & variable that e assigred an initia)

value based on an expression containing & reference ta

IV, Rationale:

Although out-of-lab instruction attempts tc provide students
with the declarative and procedural Knowledgs necessary for
creating correct computer programs, the experiential
learning that takees place in the lab plays an important role
in the development of & student’s qualitative process model.
Conceptual and mechanical errors often precent major
probleme for novice programmers (students) who are trying to
complete programming assignments. Nowvice programming
ctudents may not have yet developed the debugging <skille
which evolve as a programmer’s qualitative processe model for

progQramming growe.

There seems to be anm (ronic recurcsive relaticncshin between a

student’c qualitative process madel! of programming and his
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I aTSTSTSSSSS———
programming/debuqging sKills. A defin.tion of this

relationship might be:

In order to successfully write programs, 1.6, gQain

€@

experience, & cstudent must have & uvalic qualitative

process moadel for programming.

In order to have an appropriate quaiitative process
model, i.e., Know how to program, & ctudent must

succesefully write and maintain programs.

Thue & cstudent’cs qualitative process mcdel far proagramming
evolves through the experience of successfully writing and
maintaining programs which requires & pre-exicsting
qualitative procezs model. This relationship may be the root
of the learning problems that o often bring even the
brightest cstudente to their Knees in the early stages of
learning to program. When this problem aricses, motivated
students will seekK a consultation with an expert, in many

cases the instructor.

During & consultation, the student’c recsponcses to the
expert’s questions may identify a misconception held by the
student or suggest the cauce of an i1dentifiable mechanical,
typographic, or syntax error. Through dialog with the
student, the incstructor iz often able to cocach the cstudent

to discover the source of the bug as well as the logical

path its location., If a micsconception ic determined to be
at fault, then a direct tutoring or clarification activity
can be initiated b» the irmstructor. The student, through

120-8




this gquided diagnosis and resolution of the problem begins
to build & valid causal relationship between the symptoms of
& particular bug and possible sourcez of the problem thus
adding tc the student’s qualitative procezs model of

iven a portion of

programming. In a2 sense, the expert has

g
his qualitative process mode! to the student,

A problem exists in this system of learning in that genuins

ilable to studentz as they

1]
1]

expert adveices | not alwars av

L

kegin to develop their own expertise. In fact, some

perceived expertise’ can prolong a student’s frustration

gssible ¥or the instructor to be

o

and confusion. If it were

-t

o 211 ztudentz at 211 timesz in &'l labe arnd

available

-
us

all personal workstations, then the level of students’
experiential learning might be expected to increass., It is
impossible for a human esxpert instructor to assume this
omnipresent role, and there lies the major implications for

this research and development proposal.

Previcus efforts at using & scftware tool te help debug

programsz has taken the approach of looking at 2 student s

ouggr program to identify problem areas for tutoring,

A1 though ITDA will have tools to look at a student s

program, its firet coursze of action will be to interxct with
the ztudent in an =2ffort to identify bug or mizconcern ) om

might be the dizalog that takeszs place between x pherzioyan or
sheofrcran’ 3 oazzrstant amd & patrent previous oo ohes o2

examnxton.,




Before describing ITDA& in any greater getall, It 1<
appropriate to briefly describe some of the related researcr

ancd comment on .tz relevance to the 17D concept.
d

U, Literature Review:

Several recearchere have cstudied probilemes encountered bv
novice programmers and others have developed intelligernt
tutoring syestems (I1TS) or intelligent toole for programming
and other areas relative to the concept for ITD&. Naturally,
the recsulte of thics recsearch will influence the develgopment

of 1TDA.

Brown, Burtcn, and De Kleer‘e (1%82) work with tutors
(SOPHIE I, Il & III>) for electronic troubleshooting
provides a foundation of research and application in
tutoring diagnostic skills for systemes that can be

represented within a tutor. Burton (1988) states:

*It is important that these new <systems be built on
effective envircocnments, that i1s, ones that precsent
relevant problems and provide pedagogically appropriate
tools. +e. The environment in many wayvs defines the way
the student 1looks at the problem. ... Empowering

environments that maKe explicit the process the student

haes to do should be developed and their use explored."

MENO Il (Soloway,1?282) and FPROUST (Jehnceson and 5S5oloway,
19835) are bug-finding programs dewveloped with support from

the Office of MNaval Research. Both MENO 1 and FPROQUZST
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compare a student’s program with a library of bugs and
misconceptions associated with a programming assignment
dealing with rainfail,. An inference is then made by MEND 1]
or PROUST regarding the cuspected underlying misconcepticn
and a report in the form cof comments is Qenerated for the
student. In MENQ I1 An attempt was made to use context-
independent bug templates, but according to the develapers
the etfort was less than successful. FROUST haz been giwen
the ability to access Knowledge tazec $or severas
programming acsignments and thus may be used on maore than
one assignment although its application i limited tc the

programe it "Knowe."

GUIDOMN (Clancey, 1983) was designed to teach diagrnostic
problem-solving to medical students. The subject material
for GUIDOMN is the rule base for MYCIN (Shortliffe, (974>, a
medical consultation system for diagnosing infectious
diseaces. Although diagnostic rulecs could be prcduced for
particular casecs, they were not presented in the
hierarchical, top-down order as would generally be followed
by an expert. Thic was a function of the unstructured set of

production rules within MYCINM.

Anderson’s (1985) LISP tutor is claimed to approach the
effectiveness of a human tutor for teaching the LISP
language. It provides a structure editor which produces
conztruct templates that are completed by the student. The
tutor nravides assistance when a student has problems in
correctly completing functions., Immediate feedback is given

to the =stuydent zc each elem

DO

nt of & program 13 entered s0

o
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that only & correct program can be constructed. ~s a program
1s being developed, the tutor can provige examp'les of

correct code for the studert.

Perkine (198&) classifies programming students (ntc groups
cf stoppers, movere, and extreme mcvercs., The stoppers s impl:
give up and disengage ftrom the problem wher & grogramming
impascse 1€ met, The movers think and try new jaeac and

sometimes break the impacsse and carry on tc completion. The

(g

extreme moverce ceem to experiment without thinking.
Sometimes the extreme mover will find a correct soclution but
often a logical path to the sclution will be cvericokKed or
possibly be prematurely abandoned. Perkine observed that
some ctudente who initially tended to disengage from a
probiem proved capable of solving the problem when

encouraged by & researcher.

Pea (1986) has classified language—independent-conceptual
bugs based on his cbservation of novice programmers. He has
labeled three major categories of conceptual bugs as

Parallieiism Bugs, Intentional ity Buge, and Egocentricsm Bugs.

The succeses of Brown, Burton, and De Kleer’s work in
providing reactive enviromments for experiential learning
sugqests further development of tutors or intelligent tools
to provide similar environments for other typecs of labs
where it may not be desirable or possible to model a static
system such as an electronic device. This could be the cacse

izt in the

11}
\n
n

with a tutor or tocl, such as ITDA, tn as

development of debugging skille.
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Scloway, in hie conclucding remarks about MEND 1!, briefly
discuzses the role o+ the human program corsultant (the
expert instructor® and the possibiilits of ncorpoarating the
expertise and dtalog management of the expert 1nto future

intelligent tutoring sretems.

s [

Clancev’s recsearch with GUIDON pointe out the necezsity of
providing & data struc*ure for rule res-eczemtation that

contains not onl» the dizcrest rulez but the enpert

1]

diagnostic pathe through the rulec,

The reported success of Anderson’s LISP tutor supports

further research and practical appliicaticon of artificial

intelligence to the arez of learning to program,

ITDA’ e presence cshould serve ag encouragement to Perking”

potential stoppers and kKeep them moving. Extreme mavers
might berefit from the direction offered by ITDA since it

will Keep them "on track" in a diagnostic path.

In & system such as 1I7DA, identifying a misconception as &
member of & group, as defined by Pea, might zerve as the top
level ctarting point for a dialog with the ztudent in whichk

subsequent bug subset group types could be identified.

V1l Programming Environment:

FProgramming environmente hawve in the past reguired

signifrcant cognitive overhead for students who have had to
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wrestle with complex system specific commands and directives
tc enter, compile, }link, and run programe (duBoulay, 19E8<¢).

To marny students, learning the srystem "incantatione” cCausec
at least as much strecss as learning to program. Today,
producte euch &s Borland’e Turbco compilers hawve reduceg th. s
cverhead as integrated program development envircnments

comtning editors, compiiers, lin¥ers, &nd pop-up help

scre

[ J

ne are commonly uced 1n teaching programming. These

ernvironments provide novice and experienced programmers with

T

asy to learn and use, efticient tools for entering,

testing, anc experimenting with programes.

Assuming that studente hawve been challenged with a probiem
tc solve, the additicon of an immediately accessible expert
(1TDAY to such an environment should bring the lab
programming environment closer tc Burton’s vision. By
integrating ITDA into an existing successful programming
environment, its effect as a component of an instructiconal
sysztem can be observed and fine—-tuned. This will allow ITDA
te not only fulfill a practical rcale, but alsoc provide more
bacsic research for future inclusion of such components in

intelligent tutoring syestems.

JIl. Design of ITDA:

ITDA will be an intelligent tool to facilitate the
development of qualitative process models i1n novice student
programmers., Specifically, ITDA s designed toc enhance the
learning environment of ctudent programmerc by providing
incstant access to the Kriowledge and collected diagrnostic
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experiences of an expert programmer/ debugger. This expert
Knowledge will be made available to studente through a
program using artificial inteiligence technigques o manage
the appiication of several diagnostic tocle toc students andg
their buggy programs. Students will “con=zult’ with ITDA in

a manner similar to a consultation with a Yive expert,

ITDAR s pedagogica) ztrategy will be to engage the student in

a menu-baced natural lanquage dialog to determine the

Jul

overall clase of advice needed. The sztudent ¢ rezponses
during the dialcocg will help ITDA select the proper decision

tree to traversze in an effort to lead the cstudent as ¢!

"
3

tc the probiem as possible, Each decicsion tree coancsicsts of
nodes in which the cstudent is Quided by ITDA to make
cspecific cbeservations in the program and recspond
accordingly. 1 deemed appropriate, ITDA can execute one cof

ite scanning toole to help identify & problem.

When an interaction with ITDA faile to bring the student to
the successful resolution of a problem, the student will be
directed to consult with the instructor. When a student is
interacting with ITDA, a transcript of the dialog will ke
made and stored on the student’s disk. This transcript will
be available to the instructor when & student has
encountered a problem not currently covered by ITDA s
expertise., The trancscrip